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FLOOD   WAVES   IN   SEWERS  AND   THEIR   AUTO- 
MATIC MEASUREMENT.- 


By  Alva  J.  Groveb,  Assoc.  M.  Am.  Soc.  C.  E. 
Bead  January  4th,  1893. 


WITH  DISCUSSION. 


In  presenting  this  paper,  the  writer  asks  that  the  many  difficulties 
encountered  may  be  considered  in  weighing  the  results  of  his  investiga- 
tions. Experiments  of  the  nature  of  those  herein  described  require 
time,  money,  a  subject  and  patience.  The  first  and  almost  insur- 
mountable difficulty  is  the  lack  of  time  to  conduct  them  by  those  who 
appreciate  their  value;  the  second,  is  that  the  necessary  money  for 
their  successful  prosecution  (with  no  prospect  of  direct  remuneration) 
puts  them  out  of  the  reach  of  private  enterprise. 

Through  the  warm  endorsement,  by  Mr.  Andrew  Bosewater,  M.  Am. 
Soc.  C.  E.,  City  Engineer,  of  the  design  herewith  presented,  a  pro- 
mise was  obtained  from   the  City  Council  of   the  City  of  Omaha  of 

♦Additional  discussions  on  this  paper  received  before  April  1,  1893,  will  be  published  in 
a  subsequent  number. 


2  GROVER   ON"    FLOOD   WAVES   IN    SEWERS. 

$300  for  experiments,  with  a  tacit  understanding  that  they  must  be  a 
success.* 

The  only  available  point  at  which  the  experiments  could  be  made 
was  in  an  8i-ft.  circular  sewer,  20  ft.  under  ground,  at  a  manhole  in 
which  a  ladder  had  to  be  used.  Patience  was  required  to  wander 
down  this  ladder  with  a  lantern  alone  at  night,  to  see  if  a  wheel  was 
working  before  a  storm. 

The  writer  does  not  put  the  calculations  hereinafter  given  as  abso- 
lutely correct,  but  as  approximations.  Coming  as  they  do  through 
the  medium  of  a  novel  and  intricate  apparatus,  yet  old  and  simple  in 
its  parts,  bringing  results  which  are  at  striking  discoid  with  the 
deductions  of  former  experiments  made  by  men  of  large  experience, 
they  are  only  presented  for  your  investigation. 

Taking  the  subject  in  its  natural  order,  we  will  first  describe — 

The  Rain  Gauge. — This  consists  of  a  slightly  modified  form  of  the 
U.  S.  Weather  Bureau  standard  top,  shown  at  Fig.  1,  Plate  I,  in  plan, 
side  and  end  elevations.  These  tops  are  8.814  ins.  in  diameter  and  are 
filed  to  a  sharp  edge  ;  1  000  cu.  cm.  of  water  are  thus  gathered  from  1 
in.  of  rainfall.  There  are  two  of  these  tops,  the  one  conducting  the 
rain  into  a  copper  cylinder  2  ins.  in  diameter  and  5  ft.  long;  this  is  sur- 
rounded by  a  galvanized  iron  tube  8|  ins.  in  diameter,  to  protect  tin- 
same  from  heat.  The  rain  gathered  in  this  gauge  is  measured  with  a 
stick  the  same  as  at  U.  S.  Weather  Bureau  stations. 

The  rain  gathered  in  the  other  top  is  conducted  through  60  ft.  of 
jj-in.  brass  tubing  to  a  register  case.  The  apparatus  in  this  case  is 
shown  in  plan,  side  and  two  elevations  on  Plate  I,  Fig.  2.  From  the 
tube  the  water  falls  into  a  standard  1  000-cu.cm.  jar.  This  jar  is  sus- 
pended, as  shown  in  Fig.  3,  on  a  pair  of  scales,  to  the  arm  of  which  is 
attached  a  glass  pen.  The  jar  is  also  counterpoised  by  an  adjustable 
ball  C. 

To  a  long  arm,  suspended  by  two  links  as  shown  in  Fig.  3,  is  a 
second  hall  marked  C".  As  the  jar  tills  with  water  the  ball  C  is  forced 
more  and  more  from  the  plumb  line,  and  its  lever  arm  increases  as  the 
sine  df  the  angle.     At  the  same  time  the  glass  pen  is  moved  to  the  left 


♦The  actual  cost  of  tlio  apparatus  was  over  $500,  besides  the  labor  of  fitting  and  adjust- 
ing the  different  parts  from  the  machinist,  the  tinner,  the  jeweler  and  the  cabinet-maker,  all 
of  which  was  dono  by  tho  writer,  as  well  as  the  making  of  the  glass  pens  and  mixing  of 
the  Ink, 
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and  as  it  is  pressed  against  a  (5-in.  cylinder  /?,  shown  in  side  elevation 
of  the  register  case,  around  which  suitable  lithographed  paper  is 
placed,  the  amount  of  rainfall  is  l'egistered. 

Connected  to  the  shaft  of  this  cylinder  by  a  knuckle  joint  is  a  brass 
gear  wheel  with  189  teeth,  which  works  into  a  pinion  with  seven  teeth. 
This  pinion  is  connected  to  the  hour  shaft  of  a  clock  by  a  knuckle 
joint,  which  causes  the  cylinder  K  to  revolve  once  in  27  hours.  By 
setting  the  pen  at  the  correct  time  as  marked  on  the  lithographed 
paper,  the  exact  time  as  well  as  the  amount  of  rainfall  is  automatically 
registered. 

The  Sewer  Gauge. — This  consists  of  the  gauge  itself,  the  electric 
key  box,  the  register  and  the  storm  shield.  The  gauge  is  located 
in  the  sewer,  and  consists  of  a  galvanized  iron  boat  shown  in  Fig.  4, 
Sheet  1,  in  plan,  and  side  elevation,  3  ft.  long,  1  ft.  wide  and  6 
ins.  deep.  This  boat  is  held  in  place  by  a  built  arm  J,  7  ft.  5  ins. 
long,  attached  to  a  stationary  bracket  B,  which  is  firmly  fixed  to  the 
arch  of  the  sewer.  The  arm  A  is  attached  to  two  projecting  lugs  in 
this  bracket  and  is  free  to  move  around  its  point  of  support. 

The  prow  of  the  boat  is  symmetrically  curved,  pointed  and  perfectly 
smooth.  Three  inches  from  one  side  is  cut  a  well  hole  W,  2  ins.  wide 
and  extending  out  to  the  rear.  To  the  stern  is  attached  a  5-ft.  copper 
tail  or  counterpoise  T,  to  keep  the  craft  from  getting  cranky  during 
floods.  On  a  line  dividing  the  boat  in  two  equal  parts  fore  and  aft  are 
placed  two  |-in.  brass  journal  boxes  which  project  on  either  side  be- 
yond their  point  of  attachment  to  the  boat,  and  to  these  projections  is 
attached  the  arm  A,  above  described.  Through  these  journal  boxes 
runs  a  $-in.  steel  shaft  to  which  is  keyed  the  brass  hub  of  a  paddle- 
wheel.  Into  this  hub  are  screwed  twelve  §-in.  round  iron  paddles 
which  are  flattened  at  the  outer  ends,  making  an  oval  2  x  1-in.  paddle. 
Around  this  flattened  end  is  soldered  a  copper  plate  \  in.  high  at  the 
extreme  end  of  the  paddle,  and  coming  to  a  point  at  the  shank  end  of 
the  oval,  making  a  cup  very  much  like  the  heel  of  a  girl's  skate.  Care 
was  exercised  that  no  projecting  points  were  left  to  catch  paper  or 
other  litter.  The  diameter  of  the  wheel  from  tip  to  tip  of  paddle  is 
18  ins. 

Keyed  to  the  same  shaft  with  the  paddle-wheel  is  a  brass  worm  Z, 
which  works  in  the  brass  worm  wheel  T,  which  has  31  teeth  and  is  sup- 
ported by  a  brass  stirrup  S,  through  which  passes  the  shaft  of  the 
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paddle-wheel  and  also  the  shaft  of  the  worm  wheel  Y.  The  shaft  of 
the  worm  wheel  Y  passes  over  the  arm  A  Avith  suitable  hearings  to  the 
bracket  B,  where  a  second  worm  Z'  works  into  another  worm  wheel  Y' 
with  33  teeth.  On  the  side  of  the  worm  wheel  Y'  is  a  bevel  gear  with 
12  teeth  working  into  a  companion  with  24  teeth.  This  companion 
gear  is  keyed  to  the  vertical  shaft  V,  which  communicates  the  motion 
through  a  knuckle  joint  to  the  shaft  of  the  electric  key  K  in  the  key  box 
shown  at  Fig.  5,  Plate  1,  causing  this  key  to  revolve  once  while  the 
paddle-wheel  makes  2  046  revolutions,  or  while  the  points  of  the 
paddles  travel  9  641.5714  ft. 

It  should  be  noted  that  the  bearings  of  the  arm  A  are  concentric 
with  those  of  the  worm  wheel  Y  at  its  upper  end,  and  also  with  the 
shaft  of  the  paddle-wheel  at  the  boat,  thus  allowing  the  boat  freedom 
to  rise  and  fall  with  the  flood  in  the  sewer. 

At  a  point  on  the  arm  A,  6  ins.  from  the  upper  point  of  support, 
is  attached  a  connecting  rod  R.  This  rod  extends  upward  into  the 
manhole  and  is  coupled  to  the  index  slide  P,  Fig.  4,  also  shown  in  a 
large  view  at  Fig.  5.  In  construction,  a  part  of  this  plate  is  cut  away, 
and  the  lower  diagonal  line  of  the  hole  is  notched  with  24  £-in.  steps, 
as  shown  on  front  view,  Fig.  5.  On  each  of  these  24  steps  rests  a  dog 
D,  which  has  an  extension  through  the  cut  in  the  plate  P,  shown  in 
Section  A,  B,  Fig.  5.  On  each  of  these  dogs  rests  another  dog  E,  on 
the  free  end  of  which  sets  a  -^  x  2-in.  brass  pin  g.  This  pin  passes 
through  two  holes  in  the  rim  of  a  brass  collar  fastened  inside  the  key 
box,  and  shown  in  plan  at  Fig.  5.  Each  pin  is  thus  held  in  place  over 
its  respective  dog. 

As  the  boat  is  lifted  by  a  rise  of  sewage,  the  arm  A  is  turned  about 
its  point  of  support  on  the  bracket  B,  and  the  rod  R  lifts  the  plate 
P,  which  revolves  the  dog  D  by  its  projection  through  the  plate  ;  and 
this  in  turn  lifts  dog  £"and  pin  g.  Pin  g  is  beveled  on  its  upper  end, 
as  is  also  the  lower  part  of  the  finger  of  the  electric  key  K.  It  should 
be  noted  that  this  key  is  constructed  in  two  parts  ;  one,  the  body  of 
the  key,  being  secured  to  the  shaft  Vh\  means  of  a  sot  screw,  and  the 
upper  or  finger  part  is  hinged  to  the  lower  part  at  one  end  and  passes 
between  two  lugs  near  the  other.  Thus,  while  the  finger  has  to  revolve 
with  the  shaft,  it  is  free  to  move  up  and  down,  carrying  with  it  the 
lever  F,  which  works  the  point  of  contact  in  the  mercury  cup  G. 

The  pin  g  being  raised,  the  finger  of  the  electric  key  has  to  raise 
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up  to  pass  it,  and  the  circuit  through  the  mercury  cup  is  broken. 
The  armature  in  the  register  case,  shown  at  Section  E,  F,  Fig.  2.  is 
released  and  the  spring  of  the  relay  moves  the  glass  pen  which  is  at- 
tached to  the  armature.  The  pen  is  held  down  on  the  paper  surround- 
ing a  6-in.  diameter  by  6j-in.  face  cylinder  S.  The  cylinder  Sia  on  a 
brass  sleeve  which  moves  along  the  square  shaft  attached  by  a  knuckle 
joint  to  the  same  hour  shaft  as  that  of  the  rain  gauge.  On  the  outside 
of  the  sleeve  is  exit  a  worm  i  in.  to  a  turn.  The  stay  E,  working  in 
this  worm,  moves  the  cylinder  along  at  each  turn,  thus  marking  the 
hours  in  spiral  lines  about  the  cylinder.  We  are  thus  enabled  to  make 
a  continuous  automatic  record  for  26  hours,  showing  the  depth  of 
sewage,  and  the  velocity  of  the  perimeter  of  the  paddle-wheel. 

The  Storm  Shield. — In  Fig.  I  is  shown  also  the  storm  shield,  which 
consists  of  a  solid  block  of  wood  covered  with  an  iron  nose  for  a  point, 
and  two  boards  running  back  10  ins.  apart  and  closed  at  the  stern 
end  with  another  board,  the  whole  being  securely  fastened  to  the  arch 
of  the  sewer  and  stayed  in  the  manhole.  A  cover  is  hinged  at  the 
point  just  ahead  of  the  bracket  B  of  the  gauge  arm  A.  As  the  flood 
raises  the  boat,  it  also  takes  along  the  shield  cover,  but  as  the  cover  is 
half  the  length  of  the  boat  shorter  than  the  arm,  and  also  hinged  ahead 
of  the  arm,  it  is  always  a  little  below  and  ahead  of  the  arm.  Should 
the  sewer  become  flooded  by  an  excessive  rain,  the  boat  would  be 
taken  to  the  arch  of  the  sewer  where  the  two  sideboards  of  the 
shield  would  hold  the  top  of  the  wheel  just  below  the  arch,  while 
the  cover  of  the  shield  would  close  the  opening  between  the  boat  and 
the  nose,  so  that  the  only  thing  exposed  to  the  flood  would  be  the 
paddles  that  jaroject  below  the  boat. 

Plate  II  gives  the  location  of  the  gauge  and  some  of  the  surround- 
ing conditions.  It  is  in  the  8i-ft.  circular  main  sewer,  draining  2  100 
acres,  with  slopes  varying  from  less  than  1  to  ]£>%,  and  extending 
11  000  ft.  in  its  longest  dimension,  as  shown  by  the  concentric  rings 
with  the  gauge  as  a  center.  There  are  also  two  railroads  running 
about  parallel  to  the  main  sewer  extending  to  the  southwest,  and  the 
country  to  the  south  of  these  roads  is  considerably  cut  up  by  the 
grading  of  streets.  The  elevations  marked  over  the  plate  are  those 
of  the  flow  line  of  the  sewers,  and  the  bottom  of  the  flush  tanks.  All 
the  grades  are  not  marked,  but  enough  to  give  the  general  system. 
All  catch  basins  and  inlets  are  located. 
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The  system  of  this  district  is  very  defective  in  many  respects.  The 
main  sewer  running  southwest  from  the  point  marked  fi@tt'  being  much 
too  small  for  the  area  draining  into  it. 

The  junction  of  the  two  mains  at  this  point  is  very  defective,  as 
shown  in  the  sketch  on  the  lower  part  of  this  plate.  Much  trouble  has 
arisen  there  from  the  constant  flooding  of  cellars  during  severe  storms. 

On  Plate  III  are  given  the  dimensions  of  the  sewer  with 
grades;  below  the  gauge  about  150  ft.,  the  sewer  is  flattened  into  a 
senii-elliptical  invert  16  x  5  ft.,  covered  with  steel  beams  across  the 
top.  The  grade  at  and  417.5  ft.  above  the  gauge  is  .0052719  to  1. 
There  are  about  40  000  people  in  the  district,  which,  at  100  galls,  per 
head,  would  make  53  333  cu.  ft.  per  day.  There  are  some  springs 
along  the  line  of  the  sewer,  which  add  a  small  amount  to  the  constant 
flow  of  the  flush  tanks;  and  two  large  breweries,  as  well  as  a  number  of 
factories  and  large  wholesale  houses,  discharge  the  water  from  their 
hydraulic  elevators  direct  into  the  sewer. 

The  Experiments. — Besides  the  daily  gaugings,  six  rains  have  been 
gauged.  The  first  was  obtained  on  August  23d.  The  results  are  recorded 
on  Plate  IV.  The  rainfall  was  .77  ins.,  .3  of  which  came  in  10  minutes. 
The  summit  of  the  flood  was  reached  in  11  minutes  after  the  dash  was 
over. 

A  small  rain  of  September  8th  was  the  next  registered  and  shows 
how  sensitive  the  sewer  is  to  rains. 

The  next  rain  gauged  was  that  of  September  27th,  and  as  this  was 
very  successfully  done,  the  writer  will  use  it  to  explain  the  working  of 
the  gauge  and  his  method  of  working  up  the  data  obtained.  Taking 
the  diagram  of  that  date,  we  find  that  a  registration  of  two  pins  up 
was  made  at  20  hours  55  minutes  50  seconds.  At  this  registration  we 
note  that  the  time  from  the  return  of  the  armature  at  the  end  of  the 
second  to  the  time  of  the  return  of  the  first  pin  is  120  seconds.  The 
revolutions  of  the  paddle-wheel  necessary  for  this  is  37.  The  diameter 
of  the  wheel  being  18  ins.,  this  represents  a  distance  of  174.35.ss  ft. 
which,  divided  by  120,  the  number  of  seconds,  gives  a  velocity  of  peri- 
meter of  the  paddle-wheel  of  1.453  ft.  \>ev  second. 

Passing  to  the  next  registration  of  22  hours  37  minutes  52  seconds 
(the  time  of  registration  is  noted  at  the  return  of  the  armature  of  the 
last  pin  as  it  is  the  first  one  raised),  we  find  the  finger  passing  in  112 
seconds,  representing  a  velocity  of  1.557  ft.   per  second,   showing  a 
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slight  increase  over  the  preceding  registration.  By  looking  at  the 
rain  diagram,  Ave  note  that  the  pen  is  beginning  to  curve  from  the  zero 
line  indicating  rain  at  23  hours  14  minutes  48  seconds.  Eight  pins 
are  registered  up,  or  a  depth  of  32  ins.  in  the  sewer.  The  number  of 
revolutions  of  the  paddle-wheel  to  pass  the  finger  over  eight  pins  is 
200,  or  a  distance  of  942.48  ft.,  making  a  velocity  of  11.93  ft.  per 
second;  this,  multiplied  by  the  area  of  cross  section  of  the  flood,  gives 
181.25  cu.  ft.  discharge  per  second,  while  the  rainfall  at  this  moment 
does  not  exceed  .  14  ins. 

Passing  to  the  record  of  23  hours  27  minutes  24  seconds,  we  find  13 
pins  up,  or  52  ins.  of  water  in  the  sewer  and  a  velocity  of  13. 3G  ft., 
giving  a  discharge  of  388.37  cu.  ft.  per  second  and  a  rainfall  not  ex- 
ceeding .24  ins. 

The  record  of  23  hours  40  minutes  20  seconds  still  shows  13  pins, 
but  a  velocity  of  12.9  ft.  per  second.  Again,  taking  the  number  of 
seconds  between  23  hours  27  minutes  24  seconds,  and  23  hours  40 
minutes  20  seconds,  or  776  seconds,  and  dividing  the  total  number  of 
feet  necessary  for  the  paddle-wheel  to  turn  the  electric  key  around 
once,  or  9  641.5714,  we  find  the  average  velocity  to  be  12.42  ft.  per 
second,  showing  that  at  no  time  between  these  limits  could  its  velocity 
exceed  these  shown.  But  taking  the  time  between  23  hours  14  minutes 
48  seconds,  and  23  hours  27  minutes  24  seconds,  or  756  seconds,  we 
find  the  average  velocity  to  be  12.75  ft.  per  second,  much  above  the 
velocity  of  the  beginning  of  that  period;  thus  showing  that  the  crest 
of  the  wave  passed  the  gauge  before  or  at  23  hours  27  minutes  24 
seconds.  That  is  to  say,  that  with  a  rainfall  of  0.2  in.  falling  fairly 
steady  for  30  minutes  on  the  2  100  acres  described  above,  the  summit 
of  the  wave  will  be  at  the  mouth  when  the  rain  ceases. 

The  next  rain  was  on  October  13th,  occuring  during  the  14  days 
sewer  gaugings,  and  shows  almost  instantaneous  rise  of  the  sewer  with 
the  falling  of  the  rain,  and  the  subsidence  was  almost  as  quick.  The 
next  rain  of  October  17th  shows  the  same  thing,  only  in  a  more  marked 
manner,  there  being  three  distinct  fluctuations  of  the  sewer  velocity 
to  match  the  three  dashes  of  rain  recorded. 

The  rain  of  October  31st  was  10  hours  45  minutes  in  falling,  and 
shows  a  very  large  per  cent,  of  absorption. 
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The  following  table  shows  the  results  of  the  six  rains  gauged: 

Duration  ac-  Amount      of        Duration    of  Per  cent,  of  to- 
cording  to   U.  rainfall    by     disturbance  in  tal    rainfall    dis- 
Date.                    S.  Weather  Bu-  writer's  gauge,    sewer       in  charged,      regis- 
reau.  seconds.  tered  by  gauge, 
h.  m. 

August  23d 2.25 

September  8th 2.35 

September  27th. .  . .         2.55 

October  13th 1.55 

October  17th 

October  31st 10.45 

The  electric  part  of  the  gauge  was  not  working  well  during  the  rain 
of  August  23d,  and  other  than  determining  the  time  of  the  arrival  of 
the  summit  of  the  wave,  the  record  is  hardly  worthy  of  more  study; 
although  there  is  a  possibility  that  the  gorging  of  the  sewer  at  the 
point  of  junction  of  the  two  south  branches,  and  the  finding  of  an 
outlet  for  the  flood,  other  than  through  the  sewer,  may  have  resulted 
as  recorded. 

A  daily  normal  flow  sheet  has  been  prepared,  which  shows  the  relative 
daily  velocity  of  sewage,  and  is  of  interest  in  this  connection  in  showing 
the  regularity  and  precision  of  the  gauge.  It  will  be  noted  with  what 
regularity  the  noon  stop  of  factories  and  elevators  is  recorded.  How 
Saturday,  Monday  and  Tuesday  are  busy  water  days,  and  that  the 
people  of  Omaha  go  to  church  on  Sunday  and  stay  up  late  that  even- 
ing, all  of  which  is  clearly  and  regularly  depicted. 

A  striding  Y  was  set  on  top  of  the  journal  boxes  of  the  paddle- 
wheel  and  by  suitable  levers  was  connected  with  the  index  slide,  so 
that  |-in.  in  height  of  normal  flow  was  recorded,  the  results  of  which 
are  platted  on  Plate  III. 

A  series  of  floats  was  run  on  October  16th  and  recorded,  as  shown 
on  Plate  III,  at  the  same  time  that  the  wheel  was  working. 

Plate  V  gives  diagrams  of  all  the  experiments,  and  shows  the 
curve  of  areas  and  of  wetted  perimeter  of  the  sewer,  the  abscissas  being 
the  number  of  inches  in  depth,  and  the  ordinates  being  in  the  case  of 
areas  the  number  of  square  feet,  and  in  the  curve  of  wetted  perimeter 
linear  feet.  Also,  with  these  curves  is  plotted  the  curve  of  velocity 
as  given  by  Kutter's  formula,  with  the  grade  as  found  at  the  location 
of  the  gauge,  n  being  assumed  at  .013.     There  is  plotted  also  the  curve 
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of  velocity  given  by  the  formula  of  Fteley  and  Stearns,  of  Boston, 
found  by  experiment  on  the  Sudbury  aqueduct.  The  experiments  by 
the  writer  are  shown  by  round  circles  connected  with  straight  lines. 
Two  curves  have  been  traced,  one  the  velocity  of  the  front  of  the  wave 
or  maximum  velocity,  and  the  other,  the  lower  velocities  apparently  of 
the  back  of  the  wave.  The  point  which  the  writer  wishes  to  make  in 
this  connection  is,  that  the  velocities  which  he  has  used  in  determin- 
ing his  quantities  of  discharge  do  not  exceed  those  of  well-known 
formulas. 

The  curves  above  these  are  those  constructed  by  the  aid  of  Mr. 
Kuichling's  deduced  formulas  of  Hawksley,  McMath  and  Adams,  also 
Burkli-Zeigler's  well-known  formulas.  These  deductions  were  pub- 
lished in  the  Proceedings  of  the  American  Society  of  Civil  Engineers 
in  1889,  a  copy  of  which  was  kindly  furnished  the  writer  by  Mr.  Kuieh- 
ling.  The  grade  used  in  the  construction  of  these  curves  was  2%,  which 
is  possibly  too  small,  but  any  grade  which  could  be  applied  to  this 
district  in  these  formulas  would  have  no  material  effect  on  the  deduc- 
tions of  the  gaugings,  which  are  shown  in  the  curve  above  those  of  the 
formulas. 

Taking  the  discharge  given  by  these  formulas  for  .24  ins.  of  rain  in 
this  district,  the  largest  is  that  of  Hawksley  at  158  cu.  ft.  per  second, 
while  the  record  of  these  gaugings  with  the  daily  normal  sewage  de- 
ducted is  385.73  cu.  ft.  per  second  for  .24  in.  of  rain  falling  in  30 
minutes  as  already  shown. 

The  writer  puts  these  experiments  and  suggestions  before  the 
Society  as  an  amateur  in  hydraulic  engineering,  and  asks  for  them  a 
fair  hearing,  and  a  just  criticism.  All  he  claims  is  an  honest  endeavor 
to  stimulate  to  discovery  the  true  relation  between  rainfall  and  dis- 
charge of  flood  waves  through  sewers,  and  he  firmly  believes  that  ear- 
nest experiments  will  soon  pass  into  obscurity  any  formula  for  this 
relation  which  does  not  take  into  its  make-up  the  intensity  of  rainfall 
per  second. 

In  closing  he  wishes  to  express  his  appreciation  of  the  valuable  as- 
sistance rendered  by  Mr.  J.  McLearie  in  the  preparation  of  the  draw- 
ings of  the  gauge  which  enables  him  to  present  so  complete  a  detail 
of  the  apparatus. 
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Clemens  Hehschel,  M.  Am.  Soc.  C.  E. — Mr.  President,  speaking  on 
the  paper,  at  your  request,  I  have,  for  the  paper  in  general,  nothing  but 
words  of  praise.  The  mechanical  part  of  the  apparatus  described  seems 
to  have  been  gotten  up  with  a  great  deal  of  ingenuity,  and  the  intent 
is,  of  course,  highly  commendable,  and  in  the  line  of  what  we  all 
desire.  You  will  notice  how  this  engineer  has  put  his  hand  deep  down 
into  his  own  pocket  in  the  cause  of  science,  and  for  the  advancement 
of  the  profession,  and,  of  course,  that  also  is  a  thing  we  should 
applaud. 

I  would  only  like  to  have  one  question  conveyed  to  the  author  of  the 
paper.  If  I  have  understood  the  paper  aright,  to  convert  revolutions 
of  the  wheel  into  velocity,  he  has  assumed  that  the  velocity  described 
by  any  point  on  the  wheel  truly  rejiresented  the  velocity  of  the  water 
at  the  point  where  was  placed  the  wheel.  If  that  is  the  case,  you  will 
see  at  once  that  there  is  a  correction  to  be  applied.  There  is  what  is 
called  the  slip  of  a  screw  or  paddle-wheel,  the  correction  for  which 
seems  to  have  been  omitted  in  the  paper.  This  wheel,  that  indicates 
the  velocity  of  the  water  coming  through  the  sewer,  is  essentially  a 
wheel  such  as  is  used  in  the  current  meter;  it  is  much  like  the  current 
meter  that  was  used  on  the  Connecticut  River  by  the  United  States 
engineers.  To  use  such  a  wheel,  so  that  it  will  indicate  the  velocity  of 
the  current,  it  is  necessary  to  rate  the  meter,  which  is  usually  done  by 
dragging  the  meter  through  still  water,  instead  of  suspending  the 
meter  in  the  current  and  allowing  the  current  to  revolve  it.  A  method 
can  be  devised  of  rating  a  current  meter  in  running  water,  and  with  the 
meter  held  still,  but  in  that  case  it  would  be  necessary  to  meter  the 
water  some  other  way.  For  the  apparatus  described  here,  it  would 
seem  thai  the  best  way  would  be  to  take  this  little  boat  that  is  shown 
on  the  drawings  and  drag  it  through  still  water  at  various  rates  of 
speed.  Apparently  that  process  has  been  omitted.  Whether  I  have 
read  the  paper  aright  in  that  regard,  I  do  not  know,  but  should  like 
to  have  that  point  brought  to  the  author's  attention  and  let  him  say. 
Beyond  the  point  alluded  to,  I  think  the  paper  is  a  valuable  one. 

Ai.\  \  .1.  (iito\i-:i;,  Assoe.  M.  Am.  Soc.  C.  E. — Mr.  Clemens  Herschel 
asks  it"  the  paddle-wheel  used  lias  been  rated,  and  if  the  necessary  cor- 
rections  have  been  made  in  the  calculations. 

This  lias  not  been  done  in  accordance  with  the  principles  of  vane 
wheels,  as  detailed  and  formulated  by  Weisbach  and  others,  not  be- 
oause  it  has  been  considered  unnecessary — for  the  friction  in  this  wheel 
is  an  appreciable  amount      but  because  of  the  ditliculty  of  rating  it. 
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It  should  be  borne  in  mind  that  the  apparatus  weighs  over  150  lbs., 
and  is  a  little  over  16  ft.  long,  necessarily  so  to  withstand  the  shocks 
to  which  it  is  subjected  in  so  large  a  sewer  during  flood  discharges, 
carrying  boards,  limbs  of  trees,  etc.,  and  that  it  is  quite  different  from 
the  sensitive  vane  wheel  used  in  clear  water. 

The  only  practical  method  of  rating  would  be  to  attach  it  to  a  long 
spar  projected  over  the  prow  of  a  steamboat  and  run  through  a  quiet 

*   There  is  another  correction  more  difficult  to  get  at  and  of  great  im- 
portance to  us;  that  is,  the  location  of  the  thread  of  mean  velocity. 

Had  we  our  wheel  correctly  rated  and  so  adjusted  in  a  circular 
sewer  8J  ft.  in  diameter  that  the  paddles  would  dip  just  5  ms.  below 
the  surface,  what  shall  we  multiply  our  corrected  recorded  velocity 
by,  to  get  the  mean  velocity  of  the  cross-section  when  the  sewer  is 
one-eighth  full  ?     And  what  when  the  sewer  is  half  full  ? 

With  these  difficulties  iu  mind  it  has  been  sought  to  show  a  con- 
nection between  these  experiments  and  others,  by  carefully  running 
floats  as  recorded  on  Plate  III.  Also  by  diagrams  given  on  Plate >  \ 
showing  the  curves  of  velocity  given  by  Kutter's  formula  and  that  ot 
Messrs  Ftelev  and  Stearns,  and  a  broken  line  connecting  the  maxi- 
mum velocities  of  the  perimeter  of  the  paddle-wheel  at  different  depths, 
which  latter  velocities  were  assumed  to  represent  the  mean  velocities 

in  the  original  paper. 

If  however,  we  assume  that  either  of  the  above  formulas  correctly 
represents  the  mean  velocity  of  this  sewer,  a  connection  is  made  be- 
tween these  experiments  and  those  of  others.  A  crude  rating  of  the 
wheel  is  also  obtained,  which  indicates  that  the  necessary  corrections 
for  slip  and  mean  velocity  to  a  certain  extent,  clearly  shown,  counter- 
balance each  other  in  this  case. 

The  Secretary  informs  me  that  the  amount  of  discharge,  158  en.  it. 
per  second,  given  on  page  9  of  the  original  paper  for  the  Hawksley- 
Kuichling  formula,  Q  =  3.946  At    JA.  has  been  questioned.     It  was 

obtained  as  follows:  A  =  2  100,  S  =  .02,  r  =  .24,  the  latter  quantity 
being  the  greatest  amount  of  rainfall  recorded  in  an  hour. 

Perhaps  a  fairer  application  of  this  formula  would  be,  that  as  .2 
of  an  inch  of  this  rain  fell  in  30  minutes,  representing  an  hour  rate 
of  .4  of  an  inch,  which,  substituted  for  r  =  .24,  gives  Q  =  232  en.   ft. 

per  second.  . 

If  however,  we  reject  part  of  the  rainfall,  which  this  last  deduction 
certainlv  does,  why  not  take  the  formula  just  as  it  reads  on  page  25, 
Vol.  XX,  Transactions  Am.  Soc.  C.  E.,  which  says,  »  r  =  maximum 
rate  of  rainfall  in  inches  per  hour."  _  _ 

The  automatic  rain  gauge  of  the  U.  S.  Weather  Bureau  in  this 
city  recorded  during  this  storm  .05  of  an  inch  in  four  minutes,  or  an 
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hour-rate   of   .75  ins.,  which,  substituted  in  the  preceding  formula, 
gives  Q  =  371  cu.  ft.  per  second. 

We   here  note  that   with  this  value  of  r,  the  McMath-Kuichling 

formula  Q  =  2.488  Ar  ^  /  —  exceeds  the  previous  formula,  as  it  gives 

Q  =  388  cu.  ft.  per  second,  or  within  2.28  cu.  ft.  of  our  gaugings. 

As  in  this  latter  calculation  nearly  four-fifths  of  the  total  rainfall 
has  not  been  considered,  the  novice  is  confounded  and  the  old  prac- 
titioner realizes  the  danger  of  empirical  formulas  in  inexperienced 
hands. 
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BOEINGS  IN  BROADWAY,  NEW  YORK. 


By  William  Barclay  Paksons,  M.  Am.  Soc.  C.  E. 
Bead  December  7th,  1892. 


WITH  DISCUSSION. 


Iu  order  to  ascertain  the  quality  and  nature  of  the  material  under- 
lying Broadway,  in  the  City  of  New  York,  the  Bapid  Transit  Commis- 
sion of  this  city  undertook  a  system  of  borings  in  1891  under  the 
direction  of  Chief  Engineer  William  E.  Worthen,  Past  President  of  this 
Society,  and  under  the  immediate  supervision  of  the  writer  as  Principal 
Assistant  Engineer.  With  the  consent  of  the  Bapid  Transit  Commission, 
the  results  of  these  borings  are  now  laid  before  the  Society. 

In  general,  the  system  followed  was  to  put  down  a  test  hole  at  every 
street  crossing  from  South  Ferry  along  Whitehall  Street  to  Broadway, 
and  thence  to  Thirty-fourth  Street.  These  holes  were  sunk  by  the  water- 
jet  process  and  were  carried  down  until  rock  was  encountered.  The 
method  of  proceeding  was  to  select  a  spot  where,  as  far  as  the  inspector 
in  charge  could  tell,  the  line  of  the  hole  would  not  encounter  any  pipe, 
subway,  sewer  or  any  other  subsurface  structure.  One  paving  block 
would  then  be  removed  and  a  test  would  be  made  with  a  sounding  rod 
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for  8  or  9  ft.,  to  determine  whether  the  location  was  free  from  obstruct- 
ions. If  so,  a  2-in.  pipe  would  be  driven  to  serve  as  a  casing.  In  order 
to  drive  this  pipe  a  small  portable  pile-driver  was  used,  the  top  of  the 
pipe  being  covered  with  a  protecting  cap.  The  hammer,  weighing  150 
lbs. ,  was  directed  between  four  light  metal  guides  and  had  a  fall  of 
about  6  ft.,  the  whole  arrangement  being  supported  on  a  cast-iron 
stand.     The  hammer  was  raised  by  hand  power. 

After  two  or  three  lengths  of  casing  had  been  driven,  the  protecting 
cap  was  removed  and  a  tee  screwed  on  in  place,  and  down  the  pipe  was 
inserted  a  J-in.  wash-pipe  with  a  chisel  point,  in  the  corners  of  which 
were  two  small  holes.  Water  was  then  forced  into  this  wash-pipe 
while  two  men  worked  the  pipe  down  by  hand.  The  water  thus  dis- 
charged, washing  the  sand  away  from  the  foot  of  the  wash-pipe,  flowed 
upward  between  the  wash-pipe  and  the  casing  carrying  the  sand  with 
it.  This  water  and  sand  flowed  out  of  the  side  opening  of  the  T  at  the 
top,  and  was  caught  in  a  bucket  and  sampled  by  the  inspector  in 
charge. 

The  samples  were  collected  in  wooden  boxes  30  ins.  long,  4  ins. 
wide  in  the  clear,  divided  longitudinally  into  three  compartments  30 
ins.  long,  1  in.  wide,  and  1  in.  deep,  and  then  subdivided  across  with 
tin  partitions  with  lengths  of  1^  ins. 

The  material  removed  by  the  sinking  of  each  foot  of  the  wash-pipe 
was  sampled  and  put  in  one  of  these  compartments.  Some  of  the 
results  obtained  were  quite  different  from  what  had  been  expected; 
first,  rock  was  at  a  much  greater  depth  than  had  been  believed,  being 
over  163  ft.  down  at  Duane  Street;  secondly,  the  rock  at  Canal  Street 
is  not  the  deepest  along  the  line;  thirdly,  the  material  underlying  the 
surface  at  Canal  Street  is  not  muck  and  fine  sand,  but,  on  the  contrary, 
consists  largely  of  good  coarse  gravel,  and  presents  an  excellent  mate- 
rial for  foundations. 

The  annexed  profile  (Plate  VI)  shows  the  depth  of  each  hole,  and 
the  stratification  of  the  sand  and  gravel  as  met.  There  were  59 
original  borings  put  down,  and  three  additional  check  borings  at 
Duane,  Thomas  and  Canal  Streets.  These  62  borings  aggregated 
4  030.98  ft,,  to  which  are  to  be  added  87.35  ft,  of  borings  that  met 
obstructions  at  a  short  depth  and  were  abandoned  for  another  trial, 
making  a  total  of  4  118.33  ft.  of  work  done. 

The  total  amount  of  time  spent  in  doing  this  work  was  662. 25  hours 
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for  one  boring  machine.  Each  boring  averaged  65  ft,,  requiring  1(U>N 
hours,  or  9.(55  minutes  per  foot  of  boring.  As  a  rule,  three  men  were 
employed  on  eacli  machine,  of  which  several  were  in  use,  one  foreman 
being  able  to  look  after  two  or  more  machines.  As  will  be  seen  from 
the  profile,  the  lengths  of  individual  borings  varied  greatly,  from  a 
minimum  of  10.15  ft.  at  Seventeenth  Street,  to  163.25  ft.  at  Duane 
Street.  It  was  not  found  necessary  to  case  the  holes  their  entire  depth, 
the  amount  of  casing  depending  upon  the  nature  of  the  material.  If 
the  sand  was  fine,  it  was  found  that  it  stood  without  casing;  whereas, 
if  it  was  coarse,  or  especially  in  gravel,  water  from  the  wash-pipes 
would  run  away  and  would  not  rise.  The  total  number  of  feet  of  eas- 
ing used  was  2  753.8  ft.,  an  average  of  44  ft.  per  hole;  or  about  two- 
thirds  of  each  boring  was  cased. 

As  was  above  stated,  there  were  very  great  variations  in  this  regard. 
At  Cortlandt  Street,  where  the  hole  was  70.3  ft,  deep,  but  20  ft,  of 
casing  were  used,  and  at  Fulton  Street,  but  25  ft.  out  of  83.25  were 
cased;  whereas,  at  Leonard  Street,  it  was  found  necessary  to  case  95 
ft,  out  of  96.55,  and  at  Canal  Street,  85  ft.  out  of  87.65,  and  at  Spring 
Street,  69  ft.  out  of  70.1. 

In  order  to  check  some  of  the  results,  additional  holes  were  put 
down  at  Duane,  Thomas  and  Canal  Streets,  on  the  opposite  side  of 
Broadway.  At  Duane  Street,  a  second  hole  gave  a  depth  of  149  ft.  as 
against  163.25,  the  first  hole.  The  ground,  however,  was  about  one-half 
a  foot  lower,  so  that  the  actual  difference  between  the  two  was  13.75  ft. 
At  Thomas  Street  the  results  agreed  within  a  quarter  of  a  foot,  and  at 
Canal  Street,  within  a  foot. 

It  is  believed  that  these  borings  are  the  most  complete  that  have 
ever  been  made  in  the  lower  part  of  the  Island,  and  will,  therefore,  be 
of  value  as  a  record. 


DISCUSSION. 


E.  L.  Haekis,  M.  Am.  Soc.  C.  E. — At  160  ft.  depth  of  sounding,  how 
did  you  know  the  difference  between  ledge  rock  and  boulders?  Was 
more  than  one  boring  taken  ?  Take  any  of  the  deep  borings  between 
Houston  and  Duane  Streets,  how  would  it  be  certainly  determined 
whether  you  are  striking  ledge  rock  or  a  large  boulder  when  driving 
pipes  with  a  jet  or  running  down  a  drill  rod  ? 
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Mr.  Parsons. — It  is,  of  course,  impossible  to  tell  whether  we  struck 
ledge  rock  or  a  boulder,  or  some  other  obstruction.  I  believe  that  the 
borings  indicate  a  line  of  ledge  rock  for  three  reasons  :  first,  because  a 
profile  made  up  from  the  borings  indicates  a  surface  reasonably  regular, 
without  any  extraordinary  or  suspiciously  abrupt  variations  ;  second, 
in  all  building  foundation  excavations,  at  least  along  the  route  followed 
by  the  borings,  nothing  but  sand  and  gravel  is  encountered  down  to 
rock  ;  third,  check  borings  made  at  several  places  on  the  opposite  side 
of  the  street  from  the  original  borings  gave  substantially  correspond- 
ing results.  Thus  at  Canal  Street  when  the  rod  indicated  a  depth  of 
87. 65  ft. ,  I  was  not  satisfied  that  rock  had  been  reached  ;  not  that  I  had 
any  special  reason  to  doubt  it,  but  from  the  fact  that  I  had  expected  to 
go  very  much  deeper,  as  rock  at  Canal  Street  has  always  been  popularly 
supposed  to  form  a  deep  hole.  The  check  boring  on  the  opposite  side 
of  Broadway,  distant  about  80  ft.  from  the  first  one,  gave  a  depth  of 
86. 05  ft.  In  some  of  the  borings  along  Whitehall  Street,  we  encountered 
obstructions  of  wood,  as  shown  by  chips  worked  off  by  the  chisel  point 
of  the  wash-pipe.  On  this  account  in  several  places  in  that  locality 
we  had  to  make  more  than  one  attempt  to  get  through  the  first  10  ft. 

Mr.  Flagg. — Your  borings  were  oftener  than  every  block  ? 

Mr.  Parsons. — No  ;  the  borings  were  made  at  every  cross  street. 

Mr.  Harris. — This  was  a  very  interesting  work.  I  spent  two  or 
three  summer  nights  very  pleasantly  in  watching  the  operations. 

There  is  another  matter  spoken  of  by  Mr.  Parsons,  viz.,  the  appa- 
ratus used  for  driving  the  casing  pipes.  I  have  had  occasion  to  see 
several  different  kinds  of  machines,  and  there  is  one  used  at  Providence, 
P.  I.,  which  is  superior  to  those  used  in  this  vicinity;  with  the  machines 
I  have  seen  used  about  New  York,  time  is  lost  in  moving  away  the  driv- 
ing hammer  in  order  to  introduce  the  water-jet,  and  vice  versa.  With  the 
Providence  apparatus,  the  hammer  slides  on  an  extension  of  the  casing 
pipe,  the  jet  pipe  entering  at  the  top  of  the  extension  above  the  run  of 
the  hammer,  thus  saving  any  lateral  movement  of  the  hammer  and  its 
leaders.  The  Providence  machine  is  well  described  and  illustrated  in 
the  Engineering  Record  of  date  January  9th,  1892  (p.  95). 

Charles  B.  Brush,  M.  Am.  Soc.  C.  E. — That  device  is  not  unknown 
in  this  section  ;  the  water  is  applied  in  jnst  that  way. 

There  is  one  thing  that  ought  to  be  said  about  these  borings,  they  do 
not  indicate  where  rock  is  ;  they  indicate  where  rock  is  not.  There  is  a 
distinction  between  those  two  statements.  In  the  great  majority  of 
cases  all  that  is  necessary  to  know  is  the  fact  that  rock  does  not  exist 
down  to  a  certain  depth  ;  l>ut  it  is  impossible  by  this  method  of  boring 
to  determine  that  you  have  struck  a  large  rock — whether  it  is  rock  or 
boulder.  The  borings  are  very  useful  because  they  show  for  a  long 
distance  that  you  have  not  encountered  rock  ;  but  the  moment  you 
encounter  something  you  cannot  tell  whether  it  is  rock  or  boulder. 
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The  only  apparatus  that  ■will  satisfactorily  determine  that  fact  is  the 
diamond  rock  drill.     This,  of  course,  is  very  expensive. 

F.  Colun(;wooi>,  M.  Am.  Soc.  C.  E. — One  experience  I  had  in  bor- 
ingwas  in  examining  the  foundation  of  the  NVw  York  pier  of  the  Ea  I 
River  Bridge.  I  put  down  some  10  holes  with  a  6-in.  pipe.  When  the 
pipe  hud  penetrated  to  within  a  short  distance  of  the  rock  1 1  could  not 
tell  the  exact  distance,  but  it  was  very  close)  there  was  a  decided  change 
in  the  material.  We  invariably  found  a  collection  of  very  hard  pebbles, 
and  in  almost  every  one  of  the  holes  I  found  it  impossible  to  drive  the 
pipe  further.  We  would  break  the  heavy  steel  shoe  or  bend  the  pipe; 
but  could  not  get  it  down  to  rock.  I  wish  to  say  also  that  in  that  small 
space,  102  x  172  ft.,  the  rock  was  met  at  depths  varying  as  much  as  18 
ft.  It  seems  that  the  gneiss  rock  of  that  vicinity,  where  it  was  covered 
by  the  drift,  was  left  with  sharp,  jagged  projections,  and  was  very 
irregular  throughout. 

Mr.  Harris. — May  I  ask  one  more  question  ?  In  borings  made  as 
described,  is  it  probable  that  you  get  a  fair  sample,  or  do  you  get  a 
sample  finer  than  the  actual  material  at  the  depth  ;  that  is,  are  not  tin- 
finer  materials  forced  up,  and  do  not  the  coarser  ones  settle  down  ? 

Mr.  Parsons. — I  feel  pretty  confident  that  our  results  were  just  the 
reverse,  namely,  that  the  samples  were,  if  anything,  coarser  than  the 
actual  condition  of  the  sand.  Thus,  at  Canal  Street,  where  we  en- 
countered gravel  beds,  it  was  found  that  coarse  stones  had  apparently 
no  trouble  in  coming  up,  showing  that  the  coarse  material  rose  with- 
out difficulty.  Of  the  fine  material,  on  the  contrary,  I  think  the 
larger  amount  was  lost,  owing  to  the  difficulty  of  catching  it  in  buckets, 
where  a  very  large  portion  of  the  very  fine  sand  would  not  have  a 
chance  to  settle,  but  would  be  washed  away  with  the  overflowing 
water,  so  that  the  sediment  on  the  bottom  of  the  bucket  was,  I  think, 
rather  coarser  than  the  actual  sand. 

As  to  what  Mr.  Brush  has  said,  it  is  a  fact  that  all  we  have  proved 
is  "where  rock  is  not."  But  still  I  think  that  we  can  argue  pretty 
safely  from  the  inferences,  as  explained  in  my  answer  to  Mr.  Harris, 
that  we  have  also  proved  where  rock  is. 

Charles  Warren  Hint,  M.  Am.  Soc.  C.  E.— I  would  like  to  ask  Mr. 
Parsons  if  there  were  any  borings  in  which  it  was  necessary  to  drive 
the  casing  all  the  way  down  to  the  rock,  or  whether  in  all  cases  the 
material  overlying  the  rock  could  be  worked  through  with  the  drill 
and  water-jet  alone.  I  also  would  ask  if  the  sizes  of  pipe  used  were 
fixed  as  being  the  best  for  the  purpose  or  for  other  reasons.  1  have 
made  many  similar  borings  and  have  found  U -in.  and  .-in.  pipe  verj 
convenient  and  amply  large  for  the  purpose. 

Mr.  Parsons. — The  pressure  of  water  required  to  put  down  the 
wash-pipe  was  not  great.  At  Canal  Street,  Howard  Street,  and  at  one 
or  two  other  low  level  points,  we  found  that  the  ordinary  hydrant 
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pressure  was  quite  sufficient.  On  higher  ground,  an  ordinary  hand- 
pump  worked  by  one  man,  taking  suction  from  a  barrel,  gave  sufficient 
head.  As  to  the  necessity  of  driving  the  casing,  I  have  already  ex- 
plained in  the  body  of  my  paper  that  it  depended  entirely  upon  the 
coarseness  of  the  material.  If  the  sand  was  fine,  we  found  it  necessary 
to  drive  the  casing  but  a  short  distance.  In  many  cases,  the  last  40 
or  50  ft.  were  not  cased  at  all.  Thus,  at  Duane  Street,  the  casing 
stopped  58.25  ft.  above  the  rock.  On  the  other  hand,  where  the  ma- 
terial next  to  the  rock  was  coarse,  it  was  necessary  to  drive  the  casing 
away  down,  which  state  of  affairs  existed  in  the  neighborhood  of  Canal, 
Grand,  Broome  and  Spring  Streets,  and  Washington  Place. 

The  only  consideration  that  governed  the  sizes  of  the  pipe  used 
was  that  they  were  the  sizes  that  the  contractor  who  did  the  work  had 
in  stock.  With  the  possible  exception  of  Canal  Street,  where  there 
was  one  layer  of  gravel  that  was  quite  coarse,  I  think  that  lj-in.  casing 
with  £-in.  wash-pipe,  as  suggested  by  Mr.  Hunt,  would  have  been 
quite  as  effective  and  more  convenient  to  handle. 

Mr.  Bkush. — The  force  with  which  gravel  is  thrown  up  is  often 
great.  I  made  some  borings  at  Jamestown  some  time  ago.  The  pipe 
was  driven  down  through  the  clay,  and  as  the  core  was  excavated  from 
the  tube  the  force  of  the  water  was  so  great  that  it  drove  all  the  ma- 
terial out  of  the  tube  and  threw  up  stones  4  to  6  ins.  in  diameter,  and 
threw  them  with  such  velocity  as  to  endanger  the  safety  of  the  men. 
The  water  arose  in  the  pipe  perhaps  50  ft. ,  but  the  velocity  and  noise 
were  so  great  as  to  be  heard  for  a  long  distance. 
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CONSTRUCTION  OF  THE  POWER-HOUSE  OF  THE 
ROCHESTER  POWER  COMPANY,  ADJACENT 
TO  GENESEE  FALLS,  ROCHESTER,  N.  Y.* 


By  Robekt  Cartwright,  M.  Am.  Soc.  C.  E. 
Read  February  1st,  1893. 


The  development  of  the  water-power  of  the  Genesee  River  at 
Rochester,  N.  Y.,  has  always  been  an  important  consideration  to  those 
interested  in  the  city's  manufacturing  industries.  Draining  an  extent 
of  territory  embracing  about  2  500  square  miles  and  extending  entirely 
across  the  State  from  north  to  south  into  the  State  of  Pennsylvania, 
the  river  at  times  becomes  a  flood  that  pours  over  the  Genesee  Falls 
(immediately  in  the  city)  in  a  volume  293  ft.  in  width  and  from  5  to  6 
ft.  in  depth,  with  a  perpendicular  fall  of  about  90  ft.  From  this  fall 
the  water  follows  the  ravine  a  distance  of  about  1  mile  and  then  by 
two  lower  falls  it  reaches  the  level  of  Lake  Ontario.  The  total  fall  of 
the  water  within  the  city  limits  is  257  ft.  By  a  series  of  dams  the 
water  is  used  over  four  times  before  it  reaches  lake  level.  Its  power 
is  utilized  for  many  manufacturing  purposes,  but  especially  has  it 
been  used  for   many  years  in  producing  the  finest  grades  of  flour. 

*  Discussion  on  this  paper  received  before  April  1st,  1893,  will  be  published  in  a  sub- 
sequent number. 
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Although  many  of  its  mills  remain  as  they  were  generations  ago,  their 
machinery  has  undergone  successive  changes  for  the  better  and  they  are 
now  fully  up  to  modern  improvements  and  utilize  the  water  much 
beyond  the  practice  of  days  gone  by. 


It  is  the  intent  of  this  paper  to  describe  the  plant  of  the  Rochester 
Power  Company  and  the  construction  of  their  power-house  adjoining 
the  Genesee  Falls,  with  a  description  of  the  means  employed  to  obtain 
rock  foundation  for  the  same.  Owing  to  its  proximity  to  the  falling 
water,  the  great  scour  rendered  the  use  of  the  ordinary  timber  coffer- 
dam inadmissible,  while  the  plan  as  described  was  perfectly  success- 
ful and  comparatively  inexpensive. 

By  reference  to  the  accompanying  plates,  the  position  of  the  power- 
house in  its  relation  to  the  Falls  will  be  readily  understood. 
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Fig.  1  is  a  general  plan  of  the  locality  on  a  scale  of  60  ft.  to  the 
inch. 

Fig.  2  is  a  sectional  elevation  on  line  AA,  showing  slope  of  the  rock 
below  water  level. 

Fig.  3  is  a  front  elevation  on  line  BB. 

Fig.  4  is  a  plan  of  the  building  at  the  wheel  floor. 


Plate  VIT  is  a  photograj)h  of  the  Falls  and  completed  building  in 
December,  1891. 

Plate  VIII  is  a  photograph  of  the  Falls  and  completed  building  in 
March,  1892. 

As  shown  in  Fig.  1  a  wing  dam  D  at  the  crest  of  the  Falls  tends  to 
divert  the  water  in  the  direction  as  shown  by  the  arrows. 

The  main  dam  is  located  about  300  ft.  from  the  brink  of  the  Falls, 
the  water  being  drawn  on  the  west  side  to  supply  Brown's  Pace,  with 
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a  long  list  of  mills  and  factories  obtaining  power  from  it.  On  the_east 
side  the  water  only  supplies  power  to  the  Rochester  Electric  Light 
Company,  about  1 400  H.  P. ,  and  to  the  Rochester  Power  Company 
about  1  200  H.  P. 


FIG 


In  the  spring  of  1890  the  interests  of  the  Rochester  Hydraulic 
Company  on  the  east  side  of  the  river  were  acquired  by  some 
Boston  capitalists.  The  property  embraced  a  long  line  of  buildings 
parallel  with  the  river  and  covering  a  distance  of  about  one-quarter 
of  a  mile,  occupied  by  manufacturers  engaged  in  various  kinds  of  busi- 
ness, all  requiring  power.  The  equipment  was  composed  of  one  36-in. 
wheel  operated  under  a  head  of  about  40  ft.  and  discharging  its  tail 
water  to  a  36-in.  wheel  under  35-ft.  head.  Owing  to  the  crude  con- 
struction of  the  whole  affair,  only  about  300  H.  P.  was  realized  from 
the  plant.  Immediately  on  coming  into  possession  of  the  plant  the  work 
of  improvement  was  commenced.  As  the  power  must  necessarily  be 
constant  to  keep  the  various  factories  moving,  a  300-H.  P.  Greene 
engine,  built  by  the  Providence  Steam  Engine  Company,  of  Providence, 
R.  I.,  was  installed  and  put  in  operation  in  August,  1890,  and  there- 
upon the  water-wheels  and  the  dilapidated  building  containing  them 
were  removed. 

By  reference  to  Fig.  1,  the  proposed  power-house  is  represented  by 
the  heavy  line  parallelogram.  The  heavy  dotted  line  shows  the  under- 
cut of  the  rock  at  the  surface  of  the  water  in  the  pool  below  the  Falls. 
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The  light  dotted  line  shows  the  rock  at  the  crest  level  of  the  Palls  at 
the  time  of  commencing  the  work.  The  continuous  line  shows  the 
present  rock  at  the  level  of  the  Falls.  As  it  would  not  do  to  endanger 
the  new  building  by  leaving  any  overhang  that  might  fall  against  it, 
the  rock  was  removed  as  shown  at  top  and  sloped  down  to  the  bottom, 
with  a  batter  of  l£  ft.  in  10. 

The  work  of  removal  was  carried  on  day  and  night,  until  early  in 
November,  1890,  when  the  freezing  of  the  spray  from  the  Falls  caused 
such  an  accumulation  of  ice  that  it  was  impossible  to  maintain  a  foot- 
hold, and  the  work  was  suspended  until  late  in  March,  1891,  when  it 
resumed,  and  by  the  1st  November,  1891,  all  was  completed  and  in 
satisfactory  operation,  since  which  time  the  water-power  has  been  con- 
stantly in  use.  Owing  to  drought  in  some  summer  seasons  very  little 
water  is  available  in  the  Genesee,  and  the  steam  engine  is  designed  to 
supply  power  on  such  occasions. 

The  hydraulic  plant  was  designed  and  furnished  by  the  Kobert 
Poole  &  Son  Co. ,  of  Baltimore,  Md. ,  and  consists  of  two  double  Leffel 
wheels  26J  ins.  in  diameter,  each  supplied  by  a  5-ft.  diameter  flume; 
under  an  effective  head  of  87  ft.,  with  a  volume  of  6  250  cu.  ft.  of  water 
per  minute,  they  develop  600  H.  P.  each.  The  wheels  proper  are  made 
of  phosi>hor  bronze  with  buckets  of  tinned  Otis  steel.  From  a  5-ft. 
rope-wheel  on  the  wheel  shaft,  power  is  transmitted  to  a  12-ft.  rope- 
wheel  on  the  line  shaft  90  ft.  above,  through  the  medium  of  16 
lf-in.  Manila  ropes.  Said  ropes  are  endless  and  are  adjusted  by  a 
single  strand  tightener  wheel  in  a  frame,  that  has  a  vertical  adjustment 
of  some  30  ft.  to  allow  for  stretch  or  contraction  of  the  ropes.  Every 
precaution  has  been  taken  to  maintain  a  constant  and  uninterrupted 
power.  Each  double  wheel  has  its  own  flume  or  supply  pipe,  head 
gate  and  governor,  and  by  an  arrangement  of  clutch  couplings  the 
wheels  are  used  alternately,  thus  giving  each  about  the  same  amount 
of  wear.  The  rope  speed  is  the  greatest  that  the  writer  knows  of,  being 
7  540  ft.  per  minute.  Since  being  started  in  November,  1891,  the  whole 
plant  has  run  daily,  and  not  a  moment's  delay  has  been  experienced  in 
its  operation,  the  whole  installation  being  as  perfect  as  when  it  was 
started.  As  a  specimen  of  workmanship  and  in  its  performance,  it. 
sustains  the  well-known  reputation  of  its  builders  for  first-class  work. 

As  stated  previously,  the  Falls  have  a  vertical  drop  of  about  90  ft. 
from  the  crest  to  the  level  of  the  water  in  the  pool  below.     The  rock  at 
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top  overhangs  the  bottom  some  15  to  20  ft.,  while  the  depth  of  the 
water  in  the  pool  below  is  some  40  to  50  ft.  The  rock  strata  is  a  shale 
that  is  comparatively  easily  disintegrated  by  the  action  of  the  weather. 
In  Fig.  1,  as  will  be  seen  at  jjoint  C,  the  rock  now  overhangs  the  bottom 
some  41  ft. 

At  the  northwest  corner  of  the  building  the  water  was  10.7  ft. 
deep  at  lowest  stage  of  the  river,  and  at  a  point  13  ft.  northward  the 
water  was  22  ft.  deep,  showing  the  slope  of  the  bottom  to  be  about 
45°.  So  treacherous  is  the  river  that  it  is  frequently  raised  to  a 
half  flood  in  24  hours.  On  one  occasion,  while  prosecuting  the  work 
the  water  rose  in  the  night  and  carried  off  some  7  000  ft.  B.  M.  of  lum- 
ber, besides  all  the  tools,  and  yet  no  rain  had  fallen  at  Rochester. 

Owing  to  the  wing  dam  shown  at  D,  the  current  is  diverted  to  the 
east  side  of  the  Falls  in  the  direction  of  the  arrows,  thus  bringing  the 
location  of  the  power  building  more  directly  under  the  action  of  the 
falling  water  and  tending  to  scour  out  the  bottom.  The  use  of  timber 
coffer-dams  was  not  to  be  considered  for  a  moment,  so  close  to  such  a 
body  of  water  falling  90  ft.  The  large  mass  of  overhanging  rock  that 
must  necessarily  be  removed  to  admit  of  the  building  was  the  best 
means  of  offering  resistance  in  the  shape  of  a  heavy  rock  fill.  Accord- 
ingly the  rock  was  shot  off  and  dropped  into  the  pool  below,  forming  a 
plateau  some  12  to  15  ft.  above  the  water  and  extending  out  beyond 
the  site  of  the  building,  to  admit  of  placing  steam  boiler  and  centrifu- 
gal pumps  on  it.  The  debris  was  first  removed  on  the  south  and  east 
sides,  where  the  rock  was  soonest  reached.  Level  benches  were  then 
dressed  on  the  rock  and  a  heavy  footing  course  of  stone,  laid  in  Amer- 
ican Portland  cement  mortar,  built  to  proper  dimensions  thereon,  and 
the  walls  carried  to  high-water  level.  The  mass  of  stone  outside  the  line 
of  the  north  and  west  walls  was  removed  for  a  distance  of  8  or  10  ft. ,  and 
as  the  water  was  encountered  a  flour  sack  filled  three-cpiarters  full  of  dry 
cement  mortar  was  forced  into  the  space  caused  by  the  removal  of  a 
stone.  This  was  trodden  into  place,  so  as  to  fill  the  irregularities  of  the 
openings,  sometimes  a  half  dozen  sacks  being  used  to  stop  the  inflow  from 
the  removal  of  a  single  stone.  Pumps  with  4  and  6-in.  suction  pipes, 
admitting  of  a  ready  vertical  adjustment,  were  so  arranged  that  as  the 
water  was  lowered  and  an  inflow  disclosed,  the  placing  of  a  cement  bag 
or  two  would  overcome  the  difficulty.  The  cement  mortar  would  set 
without  the  cement  being  washed  out  of  the  mortar,  as  would  have 
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"been  the  case  if  not  enclosed  in  bags.  By  the  judicious  removal  of  the 
loose  stone,  which  was  accomplished  with  a  derrick,  the  bottom  was 

readily  uncovered  and  as  it  was  persistently  followed  up  by  leveling 
the  rock  and  getting  down  a  footing  stone,  every  stone  laid  was  so 
much  water  cut  off.  The  footing  course  was  composed  of  stones  from 
12  to  14  ins.  thick  and  not  less  than  4  ft.  square,  bedded  in  cement 
mortar  on  the  rock.  Figures  Nos.  2  and  3  show  the  plan  of  benching. 
Sometimes  a  stone  in  removal  would  start  several  others  and  the  rush 
of  water  would  1  »e  m<  >re  than  the  pumps  would  remove.  By  sinking  the 
hugs  into  the  location  and  treading  them  down,  we  could  generally 
overcome  the  leak.  Sometimes  we  would  pile  on  three  or  four  thick- 
nesses of  them,  to  hold  back  the  water.  The  closing  up  of  the  north- 
west corner  under  a  head  of  10.7  ft.  of  water  was  successfully  accom- 
plished.  though  extremely  low  water  existed  for  the  two  nights  and  three 
days  that  the  closing  up  occupied.  The  work  was  accomplished  at  less 
cost  than  any  constructed  coffer-dam  would  have  been,  even  admitting 
that  a  timber  coffer-dam  could  have  withstood  the  scour  and  agitation 
of  the  water.  Stones  of  1  to  2  cu.  yds.  content  were  carried  200  ft.  down 
the  stream  and  lodged  in  shoal  water  where  they  are  now  to  be  seen  at 
low  water. 

As  soon  as  the  foundation  walls  were  above  high  water  the  engines, 
pumps,  etc.,  were  removed  and  the  first  freshet  carried  off  the  material 
where  they  had  been  located.  Every  succeeding  flood  has  carried 
away  more  or  less  of  the  tons  of  rock  that  formed  the  temporary  coffer- 
dam and  the  water  is  now  washing  against  the  masonry  at  bottom. 
Plate  VII  was  taken  in  the  fall  of  1891  shortly  after  the  wheels  were 
started,  and  shows  much  of  the  rock-till  still  remaining  at  the  north- 
west corner  of  building.  Plate  VIII  was  taken  in  the  spring  of  1892, 
and,  as  will  be  seen,  the  floods  had  carried  off  all  the  till. 
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THE    EFFECT   OF  TUBERCULATION    ON    THE 
DELIVERY  OF  A  48-IN.  WATER  MAIN.* 


By  James  Duane,  M.  Am.  Soc.  C.  E. 
Eead  February  1st,  1893. 


Authentic  data  as  to  the  effect  of  tuberculation  on  the  discharging 
capacity  of  water  mains  are  comparatively  rare,  and  when  obtainable  is 
correspondingly  valuable.  Therefore,  as  the  writer  has  been  favored 
with  an  unusually  good  opportunity  for  observing  the  loss  of  head  due 
to  this  cause  in  a  large  water  main,  and  the  comparison  of  this  loss 
with  that  in  a  perfectly  clean  coated  new  main  discharging  under  iden- 
tically the  same  conditions,  it  is  believed  that  a  description  of  these 
observations  may  be  of  interest  to  such  of  our  members  as  are  connected 
with  hydraulic  works. 

In  1880-81  the  writer  laid  a  48-in.  main  in  Tenth  Avenue  and  Eighty- 
fifth  Street  for  the  purpose  of  diverting  a  portion  of  the  flow  of  the 
aqueduct  into  the  Old  Receiving  Reservoir  in  Central  Park,  which, 
since  the  abandonment  in  1879  of  the  6-ft.  pipes  laid  by  the  Old  Aque- 
duct Department  in  1867,  had  been  without  any  direct  supply.     Tbis 

*  Discussion  on  this  paper  received  before  April  1st,  1893,  will  be  published  in  a  sub- 
sequent number. 
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pipe  was  connected  with  the  old  masonry  aqueduct  in  Central  Park  and 
Eighty-fifth  Street,  leading  to  the  ( )1<1  Reservoir,  and  also  with  the 
most  westerly  of  the  six  48-in.  aqueduct  mains  on  Tenth  Avenue  and 
Ninety-third  Street,  from  which  it  drew  its  supply. 

As  these  aqueduct  mains  form  an  important  link  in  the  aqueduct 
system,  a  brief  description  may  not  beout  of  place.  To  quote  from  the 
Department  Report  for  1872: 

"  The  aqueduct  between  Ninety-third  and  One  hundred  and  thir- 
teenth Streets  was  located  with  special  regard  to  its  economical  con- 
struction and  without  any  special  reference  to  what  the  future  grades 
of  the  streets  and  avenues  might  be.  The  opening  of  the  Central  Park 
made  it  necessary  to  establish  grades  between  Ninety-second  and  One 
hundred  and  thirteenth  Streets  on  a  much  lower  level  than  the  exist- 
ing Croton  Aqueduct  would  admit  of,  in  consequence  of  which  it  now 
intersects  that  part  of  the  city,  interrupting  communication  from  East 
to  West.  In  1870  a  law  was  enacted  by  the  Legislature  directing  this 
Department  to  remove  that  portion  of  the  Aqueduct  and  to  replace  it 
by  one  below  the  established  grades  of  streets,  or  by  iron  pipes.  It 
was  decided  by  the  Department  that  the  supply  could  be  more  safely 
conveyed  through  iron  pipes  than  through  an  aqueduct  of  masonry 
under  a  heavy  pressure  of  water,  and  also  that  the  supply  would  be 
more  secure  if  conveyed  through  a  number  of  lines  of  pipe  than  if  all 
depended  on  one  line.  It  was  therefore  concluded  to  lay  a  sufficient 
number  of  I-ft.  pipes  to  carry  to  the  distributing  reservoirs  the  full  quan- 
tity of  water  that  the  aqueduct  can  supply." 

In  fulfillment  of  this  decision  six  parallel  lines  of  48-in.  pipe  were 
laid  between  the  years  1871-71.  The  arrangement  of  the  system,  the 
masonry  aqueduct,  mains,  gate-houses,  etc.,  is  shown  on  the  general 
plan,  Plate  IX.  In  order  to  avoid  confusion,  but  one  of  the  six 
mains  is  shown.  The  elevations  given  are  those  of  the  inner  bottoms 
of  pipes  or  aqueduct  above  city  datum — mean  high  water.  In  order 
to  conform  to  the  street  grades  at  One  hundred  ami  thirteenth  Street, 
the  Aqueduct  at  this  point  is  depressed  3.15  ft.  below  the  hydraulic 
grade  line,  but  it  rises  sharply  until  the  two  again  coincide  at  a  point 
about  150  ft.  north.  The  sections  of  the  gate-houses  clearly  show  the 
method  of  connecting  the  mains  with  the  masonry  structure,  and  seem 
to  need  no  special  explanation.  As  will  be  seen,  each  pipe  is  con- 
trolled by  two  rectangular  gates,  2  J  x  5  ft.,  worked  from  the  upper  floor 
of  the  gate-house  in  the  usual  manner.  It  may  be  added  that  these 
gates  worked  very  nicely  and  closed  tight,  there  being  no  appreciable 
leakage. 
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Bencli  marks  were  established  at  A,  C  and  D,  on  the  edges  of  the 
masonry  manholes  over  the  mouths  of  the  pipes  at  convenient  points 
for  measuring  down  to  the  surface  of  the  water,  thus  determining  its 
elevation  above  datum  in  each  case.  The  benches  in  all  cases  were 
checked  by  an  independent  line  of  levels  run  by  a  second  observer. 
The  measurements  from  these  benches  to  water  surfaces  were  made 
simultaneously  at  all  points  with  an  ordinary  graduated  rod,  and  it  is 
believed  that  the  extreme  errors,  in  observed  loss  of  head,  did  not 
exceed  .02  or  .03  of  a  foot. 

The  aqueduct  mains  were  laid  true  to  line  and  grade,  on  good 
foundations,  curves  were  accurately  formed  to50-ft.  radii,  and  the  junc- 
tions of  the  ends  of  the  pipe  lines  with  masonry  structure  were  formed 
by  converging  mouthpieces,  as  shown  on  the  plan.  In  short,  all  the 
requirements  of  the  best  engineering  practice  in  pipe  laying  had  been 
complied  with,  except  in  one  very  important  respect.  These  castings 
had  been  laid  just  as  they  came  from  the  mould  without  the  coating  of 
coal-tar  varnish,  which  is  now  universally  applied. 

Why  such  a  marked  departure  from  general  usage  has  been  made 
has  never  been  satisfactorily  explained,  and  a  diligent  search  through 
the  reports  of  that  time  fails  to  throw  any  light  on  the  subject.  In 
making  the  connection  already  mentioned  between  the  old  and  new 
mains  at  Tenth  Avenue  and  Ninety-third  Street,  it  became  necessary  to 
cut  out  the  old  main  at  that  point,  and  it  was  found  to  be  tuberculated 
to  a  surprising  extent,  even  though  it  was  uncoated,  considering  that 
it  had  been  in  use  but  seven  years.  In  fact,  the  interior  surface  was  so 
very  bad  that  the  desirability  of  observing  the  loss  of  head  due  to  such 
a  condition  at  once  suggested  itself.  The  description  of  the  interior 
surface  of  a  pipe  as  badly  tuberculated,  very  rough,  etc.,  is  so  very 
vague  and  unsatisfactory  that  a  more  definite  description  of  the  actual 
condition  of  the  main  under  discussion  will  be  attempted,  though  it 
must  be  conceded  that  an  accurate  description  is  very  difficult,  if  not 
impossible,  to  make.  Therefore,  what  follows  should  be  taken  as  a 
rough  approximation  only,  but  better  than  no  description  at  all.  All 
the  tubercles  were  of  the  same  general  shape — roughly  formed  frusta 
of  cones,  with  base  of  from  two  to  three  times  their  altitude,  and  with 
roughly  flattened  tops  looking  not  unlike  the  mud  wasps'  nests  one 
often  sees  plastered  in  the  angles  of  old  country  buildings.  As  a  gen- 
eral statement  the  lamest  of  these  tubercles  occurred  on  the  bottom 
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of  the  pipe  and  decreased  in  size  with  some  show  of  uniformity  till 
they  attained  a  minimum  at  the  top.  They  studded  the  interior  sur- 
face at  irregular  intervals,  nearly  covering  it,  however.  The  largest 
observed  tubercles  were  from  2  to  3  in.  diameter  of  base,  and  1  in. 
high,  and  the  smallest  were  about  one-fourth  of  these  dimensions. 
Subsequent  examination  of  another  one  of  the  six  mains  showed  pre- 
cisely the  same  state  of  things,  so  it  is  but  fair  to  assume  that  all  were 
similarly  affected. 

Passing  now  to  the  observations  on  the  flow  through  these  pipes;: 
as  the  aqueduct  was  at  this  time  discharging  a  known  quantity  of  water 
with  great  uniformity,  day  after  day,  and  as  these  mains  took  it  all, 
with  trifling  exceptions,  hereafter  noted,  it  is  believed  that  the  value  of 
the  coefficient  "  C"  in  the  well-known  formula  V  =  C^/JU,  has  been 
determined  with  considerable  accuracy  for  the  case  in  hand. 

In  common  with  many  hydraulic  engineers  whose  sympathies  are 
rather  with  the  practical  than  the  theoretical,  the  writer  has  a  decided 
preference  for  the  simple  formulas  of  flow  of  the  Chezy  type  over  the 
more  complex,  and  he  believes  not  more  accurate,  ones  of  Ivutter 
Weisbach,  et  al.  For  the  degree  of  accuracy  obtainable  from  any  formula 
is  dependent  on  the  ability  of  the  user  to  make  a  more  or  less  (usually 
•less)  scientific  guess  at  the  value  of  a  modifying  coefficient  appropriate 
to  each  specific  case. 

Regarding  the  flow  through  the  aqueduct  proper,  a  daily  record  is 
kept  at  Sing  Sing  of  the  depth  of  water  flowing  through  the  aqueduct 
at  that  point  and  the  discharge  corresponding  to  different  dejiths  has 
been  determined  with  considerable  accuracy.  For  ordinary  depths  of 
water  the  equation  V  —  135  ■>/  K  1  gives  satisfactory  average  results. 
In  which  as  usual 

V  =  velocity  in  feet  per.  second. 
R  =  Hydraulic  mean  radius. 
/=  Sine  of  angle  of  inclination. 
At  the  time  in  question  the  depth  of  7  ft.  4  in.  was  maintained  with 
great  regularity  day  in  and  day  out.     For  this  depth  we  have  the  fol- 
lowing data. 

R  =  2.38  ft.;  1  =  .00021;  area  =  49.24  sq.  ft.,  which  corresponds  to 
a  flow  of  96  000  000  galls,  per  day.  This  entire  volume,  with  the  follow- 
ing exceptions,  was  discharged  through  the  48-in.  aqueduct  mains 
under  discussion.     At  Fordham  the  aqueduct  was  tapped  by  a  20-in. 
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main,  which  at  that  time  supplied  the  "Annexed  District,"  the  con- 
sumption being  about  1  800  000  galls,  per  day. 

Another  20-in.  branch  was  taken  off  the  aqueduct  mains  at  Man- 
hattan Street  for  the  supply  of  the  western  portion  of  Harlem,  then 
but  a  sparsely  populated  village,  consuming  but  1  500  000  galls,  per 
day.  In  addition  to  these  a  30-in.  main  from  the  aqueduct  supplied 
the  High  Service  pumping  station  at  High  Bridge,  but  the  demand 
upon  this  was  so  slight  in  1881  that  the  pumps  were  run  only  eight 
hours  per  day,  and  observations  on  the  Tenth  Avenue  mains  were 
taken  when  there  was  no  draft  at  this  point,  so  that  the  deductions  to 
be  made  from  the  total  flow,  including  all  probable  leakage,  would  be 
about  3  500  000  galls.,  leaving  a  net  total  flow  through  the  five  Tenth 
Avenue  mains  then  in  use  of  92  500  000  galls,  per  day,  or  18  500  000  galls, 
each. 

This  for  the  observed  loss  of  head  of  3.39  ft.  in  a  length  of  5  992  ft. 
gives  to  "  C"  the  extremely  low  value  of  96,  about  30%  less  than  that 
assigned  to  it  in  ordinary  modern  practice. 

After  the  connection  had  been  made  between  the  old  and  new  48-in. 
lines  at  Ninety-third  Street  and  Tenth  Avenue  a  capital  opportunity  was 
offered  for  comparing  the  loss  of  head  in  the  tuberculated  pipe  with 
that  in  the  clean  tar-coated  one.  As  will  be  seen  by  the  plan,  the  gates 
on  the  westerly  line  in  Ninety -third  Street  Gate  House  being  left  closed, 
the  old  westerly  main  and  the  new  one  connected  with  it  formed  one 
continuous  pipe  line  from  the  One  hundred  and  thirteenth  Street  Gate 
House  to  the  masonry  aqueduct  in  Central  Park  at  Eighty -fifth  Street 
9  429  ft.  long,  of  which  5  306  ft.  were  tuberculated  and  4  123  ft.  clean, 
while  the  branch  686  ft.  long  to  the  Ninety-third  Street  Gate  House 
acted  as  a  very  efficient  piezometer  between  the  two  systems.  The 
observed  loss  of  head  in  the  first  section  was  1.86  ft.  while  that  in  the 
second  was  but  0. 74  ft.  In  other  words,  the  value  of  1  in  the  first  sec- 
tion was  .00035,  as  against  .00018  in  the  second — nearly  double. 

With  the  data  thus  obtained  and  employing  the  value  of  "C" 
already  deduced  at  96,  we  obtain  a  flow  through  the  first  section  of 
14  500  000  galls,  per  day,  all  of  which,  of  course,  with  the  exception 
of  any  leakage  (which  in  this  case  is  believed  to  have  been  practically 
inappreciable),  was  discharged  through  the  clean  pipe  also.  Employing 
this  discharge  for  the  new  main  we  obtain  for  "  C'the  value  134,  which 
accords  excellently  with  the  generally  accepted  value  under  similar  con- 
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ditions.  Now,  whatever  errors  may  have  been  made  in  the  foregoing  esti- 
mates of  volumes  discharged  by  the  different  pipes,  and  they  are  believed 
to  have  been  within  1  or  2%  at  the  outside,  the  comparison  of  the  loss 
of  head  in  the  two  kinds  of  pipe  is  believed  to  be  unimpeachable  and 
therefore  important. 

A  limit  two  years  ago  an  examination  of  the  interior  of  the  new  main 
in  Eighty-fifth  Street  was  made  and  it  was  found  to  be  in  perfect  con- 
dition, free  from  tuberculation  or  fouling  of  any  kind,  and  even  the 
inspector's  marks  in  white  paint  being  still  plainly  legible. 

Last  fall,  while  the  new  aqueduct  was  shut  off  and  the  city  again 
supplied  through  the  old  one,  another  observation  was  made  on  the 
flow  through  these  mains,  which  showed  substantially  the  same  co- 
efficient as  11  years  ago,  thus  confirming  the  impression  left  by  the 
inspection  of  the  interior  of  the  Eighty-fifth  Street  main  in  1890. 

It  is  believed  from  what  has  gone  before  that  the  following  deduc- 
tions may  fairly  be  drawn  : 

First. — An  uncoatcd  main  conveying  water  of  the  general  chemical 
composition  of  the  Croton  will  become  badly  tuberculated  in  seven 
years,  or  probably  much  less. 

Second. — That  having  reached  a  certain  stage  no  further  deterioration 
takes  place. 

Third. — That  in  a  48-in.  main  the  discharging  capacity  is  reduced 
about  30°q;  or,  to  put  it  another  way,  tar  coating  at  present  prices  is 
worth  about  $20  000  per  mile. 

Fourth. — That  a  properly  applied  tar  coating  is  an  absolute  protec- 
tion against  tuberculation,  a  48-in.  main  after  11  years'  service  showing 
as  hiffh  a  coefficient  as  when  first  brought  into  use. 
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THE    TRANSITION    CURVE.— DISCUSSION     ON 
PAPERS   NOS.  528  AND  536.* 


By  Conway  E.  Howard,  Esq.,    and  Arthur  N.  Talbot, 
M.  Am.  Soc.  C.  E. 


Conway  K.  Howard,  Esq. — In  a  paper  read  before  the  American 
Society  of  Civil  Engineers  in  May,  1892,  Professor  Cain  gives  his  views 
of  the  "exact  solution"  of  the  problem  of  the  transition  curve,  basing 
it  upon  the  "approximate"  considerations  of  Mr.  A.  M.  Wellington 
and  myself.  As  in  so  doing  he  has  followed  more  or  less  closely  my 
plan  and  notation,  some  of  the  original  approximations  will  be  com- 
pared with  their  changed  conditions  in  the  "exact  solution." 

With  regard  to  the  angles:  In  the  "  approximate  "  solution  there  is  a 
difference  of  9"  between  the  computation  and  the  record  of  the  deflection 
angle  between  the  tangent  at  0  and  the  long  chord  thence  to  station  12. 
These  9" — and  lesser  differences  beginning  with  1"  at  station  8 — were 

*  "  The  Transition  Curve  whose  Curvature  varies  directly  as  its  Length  from  the  P.  C.  or 
point  where  it  connects  with  the  Tangent,"  by  Wra.  Cain,  M.  Am.  Soo.  C.  E.,  Vol.  XXVI, 
p.  47:).  "  A  Simple  Method  of  Running  in  a  Transition  Curve,"  by  John  F.  Ward,  M.  Am. 
Soc.  C.  E.,  Vol.  XXVII,  p.  18. 
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included  in  the  table,  so  thai  it  should  read  to  whole  minutes;  and  tlir 
ordinates  A' and  Y corresponding  to  the  deflection  angles  and  100-ft. 
chords  of  the  t  ransition  curve  of  the  general  table  were  then  computed 
by  summation  of  seven-figure  natural  sines  and  cosines  of  the  angles 
of  inclination,  2',  1  l'.  38',  1  04',  2  02',  etc.,  of  the  consecutive  chords, 
which  with  de>  imal  point  moved  two  places  to  the  right,  that  is,  multi- 
plied by  100,  gave  the  required  product  to  5  decimals.  The  ordinates 
X  and  1'  therefore  are  readily  checked  by  simple  addition,  as  are  the 
angles  by  second  differences.  The  differences  between  the  angles  and 
ordinates  A' and  )' of  the  "approximate"  solution  and  of  Professor 
Cain's  are  too  small  to  be  of  any  practical  importance. 

A  greater  difference  between  the  results  of  the  "approximate"'  aud 
the  "exact  solution"  is  shown  in  the  lines  Q  and  F  of  the  table 
accompanying  the  former,  which  gives  at  station  12,  Q  =  60.302  and 
F  =  .25105,  for  which  Professor  Cain  gives  Q  =  60.180  and  F  =.  25056. 
Station  12  is  selected  for  comparison  because  the  differences  there  are 
greatest,  diminishing  to  0  at  about  station  6. 

Professor  Cain  gives  as  part  of  the  "  exact  solution,"  the  formulas — 

Q  =  qD;  =  0.2  NX—  R{  (1  —  cos.  a) (21) 

in  which  i?,  =  5729.65 

-,fWx=aBl ,22> 

from  which  two  formulas  the  values  of  Q  and  F  given  in  his  table 
were  computed. 

Questioning  the  merits  of  (21)  as  a  general  formula,  and  taking  one 
step  backward,  his  solution  gives — 

_  0.2  NX         Rl  (1— cos,  a) 
q-       ZP  D° 

or,  otherwise  expressed — 

0.2  NX        5729.65 

a  = =— =— —  versed  sine  a. 

1  D°  D° 

5729  65 
The   expression    *-",''—  except  when   D~  =  1  is  an  approximate 

value  of  the  radius  corresponding  to  _D?,  and  as  values  of  </  are  depen- 
dent, not  upon  the  degree  of  curve,  but  upon  its  actual  radius,  it  follows 
that  the  above  value  of  Q  =  qD^\a  simply  an  approximation,  except 
when  Q  =  q  and  D    =  1. 

If  R  represent  the  radius  of  the  circular  curve  connecting  at  any 
station  JVof  a  100-ft.  chord  transition  curve,  and  AT  the  corresponding 


( 
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ordinate,  and  r  and  x  the  similar  radius  and  ordinate  for  a  transition 

curve  of  chord  length  differing  from  100  ft. ,  then  : 

S  :  r  :  :  X  :  x,  whence 

X       .               R  ,  . 

x  =  r  -jy  and  r  =  x  -=-   (a) 

Also 

x  —  r  versed  sine  a  =  q 

and  substituting  above  value  of  x 

-p versed  sine  a  \  =  q (6) 

WhenJV=12.     q=.0l05r. 

Values  of  q  obtained  by  this  formula  and  from  the  values  of  Q 
before  given,  are  : 

no  60.180  60.302 

D°  q  =  -jj5—  5  =  .0105r  q  =  -^- 

5°  12.036  12.036  12.060 

10°  6.018  6.024  6.030 

15°  4.012  4.022  4.020 

20°  3.009  3.023  3.015 

Comparison  of  these  figures  shows  that  when  D°  =,5,  when  more 
than  six  or  eight  stations  of  the  transition  curve  are  not  likely  to  be  used, 
Professor  Cain's  figures  are  nearer  correct — that  is  to  say,  figures 
derived  from  Professor  Cain's  value  of  Q ;  when  D°  =  10  the  error  is 
about  the  same  by  both  values  of  Q  ;  and  when  D°  is  over  10°  the  Q  of 
the  "  approximate  "  solution  gives  the  values  of  q  more  nearly  than  the 
Q  of  the  "exact  solution." 

The  fact  is  that  both  of  the  quantities  Q  =  q  D°  and  F  =  —  were 

called  into  service  by  me  as  convenient  short-cuts  for  reaching  the 
value  of  the  connecting  D°  with  the  least  amount  of  calculation  in  the 
field;  and  the  relation  of  Q  and  i^is  such  that  Professor  Cain's  values 
and  mine  give  practically  the  same  values  of  D"\  Thus  with  x  =  50 
and  JV=12, 

when  F  x  =  a  and  —^-  =  D 
<1 
Professor  Cain's  figures: 

.25056  x  50  =  12.528  and  ^4?  =  4C.8036 

my  figures: 

.25105  x  50  =  12.5525  and  ''"V''^    .4^.8039 

12.5525 

With  x  =  10, 
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Professor  Cain : 


my  figures: 


.25056  x  10  -  2.505G  and  ?^^  =  24". 0182 


.25105  x  10=  2.5105  aii.l  ^|^       2  J   .0199 

J..)10o 


When  -/.  as  used  by  me,  is  not  in  combinal  ion  with  F&nd  Q,  its  value 
is  required  to  t  he  nearest  tV  only. 

The  correct  values  of  D°  an<l  q  for  connecting  curves  at  any  station 
can  readily  be  obtained  independently  of  Q  or  F  by  using  formulas 
(a)  and  (b)  of  this  paper;  the  former  giving  the  value  of  r  with  which 
to  enter  a  table  of  radii  to  obtain  D?,  and  the  latter  giving  the  value  of 
q  when  ris  known. 

In  my  investigations  concerning  the  laws  of  the  transition  curve 
and  its  relations  with  connecting  circular  curves,  I  wras  for  the  most 
part  without  guide  or  beacon,  and  it  is  therefore  very  satisfactory  to 
rind  that  the  "  exact  solution"  of  Professor  Cain  is,  as  far  as  it  goes,  a 
practical  endorsement  of  the  general  methods  and  special  formulas 
which  were  developed  by  me  in  the  "approximate"  solution. 

Arthur  N.  Talbot,  M.  Am.  Soc.  C.  E. — It  is  to  be  regretted  that  Mr. 
Ward  did  not  include  in  his  paper  a  fuller  statement  of  the  conditions 
fulfilled  and  unfulfilled,  in  order  that  those  not  mathematically  inclined 
might  not  be  misled.  The  method  described  for  putting  a  transition 
curve  in  existing  track  is  really  the  same  as  that  used  by  the  ordinary 
trackman  who  throws  the  track  in  at  the  P.  C,  and  thus  eases  the  curve. 
However,  it  must  be  borne  in  mind  that  the  last  fourth  of  the  easement 
length  as  given  by  Mr.  Ward's  method  will  be  of  sharper  curvature 
than  the  main  curve,  and  that  the  transition  curve  at  the  connecting 
point  will  be  of  one-third  greater  degree  than  that  of  the  main  curve. 
Thus,  if  a  '.i  curve  were  joined  with  200  ft.  of  such  a  transition  curve, 
this  transition  curve  would  be  a  9  curve  at  150  ft.  from  the  point  of 
transition  curve,  a  10"  30'  at  175  ft.,  and  a  12  curveat  the  point  where 
it  connects  with  the  main  curve,  joining  at  once  with  the  (.»  curve.  It 
must  lie  further  borne  in  mind  that  to  make  a  change  in  the  old  P.  ('. 
sufficient  to  secure  an  efficient  easement,  a  transition  curve  must  be 
used  of  even  greater  length  than  Mr.  Ward  apparently  recommends. 

In  the  method  given  for  new  work  the  condition  named  that  the 
offset  GH  (Vol.  XXVII,  Fig.  2,  p.  19)  shall  not  exceed  one-fourth  of 
the  ordinate  AH  is  not  at  all  necessary,  and  a  somewhat  larger  value 
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than  one-fourth  will  give  a  more  efficient  easement  than  values  less 
than  one-fourth.     The  best  results  are  obtained  with  GH '  =  £  AH. 

Again,  Mr.  Ward  errs  in  calling  the  resulting  curve  a  cubic  para- 
bola, since  in  the  method  for  old  track  and  in  most  of  the  demonstration 
for  curves  for  new  work,  he  measures  and  uses  the  distances  along  the 
curve  rather  than  along  the  tangent.  As  such,  it  is  the  real  transition 
spiral  whose  radius  varies  inversely  as  the  distance  along  the  curve, rather 
than  the  cubic  parabola  which  only  approximates  to  that.  The  last 
two  formulas  on  page  19  are  approximations  which  bring  in  the  cubic 
parabola.  It  may  be  noted  that  at  the  connecting  point  the  tangent 
to  the  main  curve  and  that  to  the  cubic  parabola  put  in  by  the  last 
method  will  not  coincide.  In  example  (2)  on  page  20,  they  will  diverge 
25'.  While  this  is  not  so  great  a  discrepancy  as  may  occur  in  some 
actual  cases,  it  may  be  avoided  by  using  the  distances  measured  along 
the  curve  in  the  way  distances  are  measured  on  circular  curves. 

The  contimied  use  by  engineers  of  the  term  cubic  parabola  in  con- 
nection with  this  easement  is  indefensible  on  the  score  of  simplicity 
in  use  and  demonstration,  as  well  as  of  mathematical  correctness.  The 
investigation  of  the  cubic  parabola  in  reference  to  its  change  of  curva- 
ture, its  angle  turned,  the  angular  deflection  to  points  on  it,  and  the 
length  of  the  curve,  require  as  long  mathematical  equations  as  those 
governing  the  transition  spiral.  In  the  transition  spiral,  the  distance 
used  is  the  distance  along  the  curve  measured  by  chords  as  in  circular 
curves,  the  angular  change  of  direction  and  the  deflection  angles  vary 
as  the  square  of  this  distance,  and  the  curve  may  be  nan  in  by  a  process 
similar  to  that  for  circular  curves. 

As  the   equations  for  the  transition  spiral  may  not  be  generally 
known,  a  summary  of  them  without  demonstration  may  be  of  value. 
The  following  nomenclature  will  be  used : 
D  =  degree  of  curve  of  the  spiral  at  any  point,  called  D,  at  the  end 

of  spiral,  and  becoming  D0  of  the  main  curve. 
n  =  number  of  100-ft.  stations  from  the  point  of  spiral  along  the 
curve  to  any  point  on  the  spiral,  called  w,  for  the  whole 
spiral. 
A  =  angle  between  the  initial  tangent  and  the  tangent  to  the 
spiral  at  the  given  point.  For  the  whole  spiral  call 
this  Jj. 
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0  =  deflection  angle  (DAF,  Fig.  1)  at  the  point  of  spiral,  from  the 
initial  tangent  to  any  point  on  the  spiral. 

x  and  y  are  coordinates. 

o  =  offset  or  shift   BD  between  initial  tangent  and  the  parallel 
tangent  of  main  curve  produced. 

t  =  abscissa  (AD)  of  P.  C.  of  main  curve. 

a  =  degree  of  spiral  at  100  ft.  from  point  of  spiral.     This  shows 
the  rate  of  change  of  the  curvature  of  the  spiral. 
The  principal  equations  are — 


becoming  Z), 


for  whole  spiral, 


J, 


in,D, 


D  =  <m. 
A  =  \  arc 

O  =  |  A  =  i  arc  "        9V  =  |  an? 

o  =  .07i  an?  =  .07i  D,  nf. 

t  =  half  length  of  spiral  in  feet  —  .000l£  cc  nf. 
x  =  length  of  spiral  to  any  point  in  feet  —  .00075  era', 
y  =  .291  an3.     For  values  of  J  greater  than  15D  this  value  of  y  is 
in  excess  .0000016 <r,r. 
The  principal  properties  of  the  transition  spiral  may  be  stated  as 
follows : 

First. — The  degree  of  curve  at  any  point  on  the  spiral  equals  the 
degree  at  100  ft.  from  the  P.  S.  multiplied  by  the  number  of  stations 
to  that  point ;  thus,  if  a  =  2,  at  100  ft.  from  the  P.  S.  the  spiral  will 
be  a  2     curve;  at  25  ft.,  a  J     curve;  at  450  ft.,  a  4}°.     Likewise  the 

total  length  will  be  — -.     If  a  =  2,  a  (V   curve  would  require  a  spiral 
a 

three  stations  long. 

Second. — The  angle  A  between  the  initial  tangent  and  any  point  on 
the  spiral  (the  change  of  direction  corresponding  to  the  central  angle 
of  circular  curves)  in  degrees,  equals  one-half  the  degree  a,  at  100  ft., 
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multiplied  by  the  square  of  the  length  in  stations;  or  it  is  one-half  the 
angle  for  a  circular  curve  of  the  degree  of  the  spiral  at  the  given  point. 
Thus,  if  a  =  2,  for  300  ft.  A  =  9^  ;  while  as  D  will  he  6  at  300  ft.,  the 
same  length  of  circular  curve  would  give  18°.  In  other  words,  the 
spiral  is  twice  as  long  as  a  circular  curve. 

Tliird. — The  deflection  angle  Q  at  the  P.  S.  from  the  initial  tangent 
to  any  point  on  the  spiral  is  ■§•  A,  or  \  an2,  or  one-third  of  the  deflec- 
tion angle  for  a  circular  curve  of  the  same  degree  as  the  spiral  at  the 
given  point.  This  may  be  used  in  the  convenient  form — angle  in 
minutes  equals  10  an2.  The  value  of  0  is  slightly  in  excess  of  the  true 
value  for  large  angles,  but  for  A  less  than  20°  it  is  within  the  limit  of 
accuracy  of  field  work,  and  for  A  =  15°  the  formula  gives  only  0'.2 
excess. 

Fourth.— The  angle  AFG  (Fig.  1)  =  A  —  Q  =  2  0.  This  allows 
the  main  or  circular  curve  to  be  run  in  from  a  backsight  on  the  P.  S. 

Fifth. — It  may  be  shown  that  the  spiral  diverges  at  any  point  from 
its  osculating  circle  (circular  curve  of  the  same  degree)  at  the  same  rate 
that  the  spiral  deflects  from  the  initial  tangent,  both  in  regard  to  distance 
and  to  angle.  This  enables  the  spiral  to  be  located  by  offsets  measured 
from  the  circular  curve  or  by  a  transit  set  anywhere  on  the  spiral. 

By  the  former  method,  half  of  the  curve  AE  may  be  located  by  off- 
sets from  AB,  and  the  half  EF  by  the  same  offsets  from  the  circular 
curve  FD  at  distances  measured  from  F. 

By  the  latter  method,  the  deflection  angle  from  a  tangent  at  the 
transit  point  on  the  spiral  to  any  other  point  on  the  spiral  (as  CBH, 


Fig.Z. 


Fig.  2)  is  the  sum  or  difference  of  (1)  the  deflection  angle  for  a  simple 
curve  of  the  same  degree  as  the  spiral  at  the  transit  point  for  a  length 
equal  to  the  distance  between  the  two  points,  and  (2)  the  spiral  deflec- 
tion angle  &  for  the  same  length  of  spiral  as  the  distance  between  the 
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t\\<>  points.  Thus,  if  «  =  2aml  the  transit  be  ;it  B,  250  ft.  from  the  P.  S., 
the  derive  of  curve  at  i  In  •  transit  point  will  be  5  ,  and  the  deflection  angle 
CBH  to  set  a  point  150  ft.  ahead  will  be  3    45',  {\  of  150  ft.  of  5°  curve) 

+  45',  (spiral  deflection  augle  for  150ft.,  10  X  2  X  1.5.  )  or  4^  30'.  For 
D,  150  ft.  hack,  it  would  be  3     15'  —  45'  =  3°  0'. 

Likewise  the  angle  CBE  may  be  calculated  by  adding  the  0  for  the 
point  G  (GAC)  to  $  the  product  of  the  degree  of  curve  at  B  by 
the  number  of  stations  iu  AC.  In  the  example  cited  this  will  be 
(Ix2x42  =  5'  20')  4-(|x5x4  =  3°  20')  =  8^40'.  For  the  point. 
D,  [\  X  2  x  l3  =  20')  +  (|x5xl  =  50')  =  1°  10'.  This  enables  the 
deflections  from  the  tangents  at  P.  S.  to  be  used  for  other  transit  points 
by  the  addition  of  \  Dn,  when  D  is  the  degree  of  curve  at  the  transit 
point. 

This  property  is  of  value  in  mountainous  districts  or  when  curves 
are  run  in  for  trestles,  etc. 

Sixth. — The  middle  ordinate  of  any  arc  of  a  spiral  is  the  same  as 
that  of  a  circular  curve  of  the  same  length  and  of  degree  equal  to  that 
of  the  spiral  at  the  middle  point  of  the  arc  considered. 

Seventh. — The  long  chord  AF  (Fig.  1)  equals  the  length  of  the  curve 
in  feet  minus  .0004  <rV'. 

Eighth. — The  offset  o  is  approximately  J  of  the  ordinate  y  of  the  end 
of  the  spiral.  The  spiral  bisects  the  offset  at  a  point  halfway  between 
the  P.  S.  and  the  P.  C.  C.  (AE  =  EF.     BE  =  ED). 

Ninth. — The  ordinates  from  the  initial  tangent  vai'y  as  the  cube  of 
the  distance  along  the  spiral  from  the  P.  S.  Likewise  the  offsets  from 
an  osculating  curve  at  any  distance  from  the  point  of  contact  are  equal 
to  the  ordinates  at  the  same  distance  from  the  P.  S. 

If  the  tangents  have  been  run  to  an  intersection,  the  distance  from 
the  apex  to  the  point  of  spiral  will  be  the  ordinary  subtangent,  plus 
the  t  given  above,  plus  o  X  tan.  i  total  intersection  angle.  In  case  a 
simple  curve  has  been  run,  the  point  of  spiral  will  be  at  a  distance 
back  of  the  P.  C.  equal  to  /,  plus  o  x  tan.  ^  total  intersection  angle. 
The  field  work  is  then  similar  to  that  of  circular  curves.  Since  it  is 
not  necessary  to  make  succeeding  chords  the  same  length  as  the  first, 
the  usual  stationing  may  be  kept  up.  It  is  advisable  that  when  the 
spiral  becomes  sharper  than  7  ,  chords  as  short  as  50  ft.  be  used.  A 
table  for   the  deflections  and    ordinates  may  easily  be  made,  or  the 
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powers  of  n  may  be  taken  from  a  table  of  squares  and  cubes,  and  the 
lower  decimals  dropped,  and  the  multiplication  by  the  simple  factors 
may  be  made  easily  and  rapidly.  Thus,  when  a  =  2,  to  determine  0 
for  234  ft.  (2.34  stations)  from  the  P.  S.  find  the  square  of  234,  (54756), 
change  the  decimal  point  so  that  it  will  become  the  square  of  2. 34,  (5. 48) , 
and  since  0  in  minutes  equals  10  arc2,  Q  =  10  X  2  X  5.48  =  109'.6  =  1° 
49 '.6.  For  o  and  y  the  table  of  cubes  may  be  used  in  a  similar  way. 
For  a  transit  point  on  the  spiral  use  the  principle  given  in  (5). 

The  value  of  a  to  be  used  will  generally  depend  upon  considera- 
tions of  length  of  tangents  and  speed  of  trains.  For  3D  to  8-  curves  it 
may  range  from  1  to  4  ;  for  6°  to  12°,  from  2  to  10  ;  for  sharper 
curves,  higher  values.  If  it  is  desired  to  connect  a  given  tangent 
with  a  given  curve,  the  offset  o  being  known,  the  following  formulas 
may  be  used : 


a  =  .269    \—,  n  =  3.714    \° 


If  for  a  desired  offset  o,  a  is  found  to  be  fractional,  a  convenient 
value  may  be  chosen  and  a  length  n  used  which  will  give  the  desired 
offset,    Thus,  for  o  =  9.0  and  D  =  8°,  a  =  2.02.     Using  a  =  2,  in  order 


=  2.4  'U 

\    a 


to  make  o  =  9.0,  the  length  n  =  2.4       —  =  3.96,  and  the  spiral  at 

the  end  is  a  7°. 92  curve,  compounding  with  an  8°  curve. 

Old  Curves. — To  replace  a  simple  curve  by  a  spiral  and  new  curve 
without  varying  far  from  the  old  line,  proceed  as  follows  :  Let  p  be 
the  distance  it  is  desired  to  throw  the  track  outward  at  the  middle 
point  of  the  curve  in  order  to  replace  it  by  spirals  and  a  new  and 
sharper  curve.     Let  /  =  total  intersection  angle.      The  radius  of  the 

new  curve  must  be  shorter  than  the  old  radius  by  o  4-  - — ,  = 

exsec.  A  I 

°  -|~  P p.    If  »  =0,  this  reduces  to  —=■.    The  point  of  the 

vers.  4.  1        l  1  vers.  £  1 

spiral  will  be  a  distance  back  of  the  old  P.  0.    equal  to  /  —  (o  +  p) 

cot.  i  I.      0  to  £  o  will  give  good  working  values  for  p.      If  the  new 

curve  comes  inside  the  old  at  the  center,  p  must  be  used  as  negative 

in  the  preceding  formulas.     It  is  usually  sufficient  to  use  for  the  spiral 

only  the  length  that  would  fit  the  original  curve,    but  the  formulas 

are  good  for  any  length  of  spiral.      As  an  example,  take  /=  60",  D  = 

6  .  n  =  2.     Theno  for  a  6    curve  is  3.93.     Takep  =  1.0,  approximately. 
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The  radius  of  new  curve  must  thou  be  30.7  ft.  shorter  than  the  old. 
The  curve  may  then  he  run  by  using  300  feet  of  spiral,  compounding 
with  a  6  14' curve.  If  it  is  desired  to  have  the  spiral  more  nearly 
agree  with  the  main  curve,  a  value  of  o  corresponding  to  D  =  6"  14', 
or  a  little  greater,  may  be  computed  and  a  new  curve  found. 

In  case  it  is  desired  to  leave  the  greater  part  of  a  long  curve  un- 
touched, a  sharper  curve  (say  not  to  exceed  10,%  sharper)  may  be 
compounded  at  the  ends  of  the  main  curve  and  the  spiral  attached  to 
this.  Then  (Rl  —  R)  vers.  J  =  o,  where  J  =  angle  of  a  spiral  plus 
angle  of  new  curve.  Thus,  for  a  6°  main  curve,  compound  with  a 
6  30'  curve.  Then  by  the  formula,  J  =  21  17'.  if  a  =  2.  For  D,  = 
6  30',  the  angle  of  the  spiral  is  10°  34',  21"  17'  —  10"  34'  =  10  43'. 
Hence,  run  in  325  of  spiral,  then  10"  43'  of  0  30'  curve,  and  compound 
with   the  old  6     curve. 

The  preceding  methods  have  generally  been  based  upon  the  prin- 
ciple that  the  spiral  is  to  be  of  the  same  degree  of  curvature  at  the 
eud  as  the  main  curve,  and  will  need  slight  modification  when  not 
so.  If  the  i)„  be  the  degree  of  the  main  curve  and  »,,  the  length  in 
stations  of  100  ft.  from  the  point  where  the  spiral  joins  to  the  old  P.  C.  or 
point  where  the  tangent  to  the  main  curve  produced  becomes  parallel  to 
the  initial  taugeut,  then  £  nv  Dj  =  rt0  D1(.     o  =y  —  R  vers.  J  =  y  —  .873 

tl;D,     y  =  .291  <A  =.582n1n0D0.    %=  -^^  =-  1.718  -^ 

=  1.718  — =r  +   '  "  .    which  is  the   same  form    as    Mr.    Ward's    final 

equation. 

By  Mr.  Ward's  method  for  old  track,  o  will  be  0  and  nk  =  _:  n  , 
Likewise  by  substituting  in  the  first  equation  D{  =  £  _D0. 

The  principles  that  the  deflection  angles  vary  as  the  square  of  the 
distance  along  the  curve  and  that  the  ordinates  vary  as  the  cube  of 
this  distance  remain  true,  no  matter  what  the  relation  at  the  connect- 
ing point,  aud  hence  Mr.  Ward's  method  in  this  particular  is  correct. 

Muenscher's  Method. — By  making  the  length  of  spiral  uniformly  200 
ft.,  as  proposed  by  Mr.  E.  W.  Muenscher,  the  necessary  formulas  are 
quite  simple  and  the  lengths  of  spiral  are  fairly  well  suited  to  ordi- 
nary railroad  curves.     The  following  formulas  follow  directly  from  the 

preceding  by  making  »j  =  2  :  Ay  =  Dr     a  =  -^-     o  =.29D,.    ^  =  100 

—  .OOlDf  or  100  ft.  for  D,  less  than  10°.     y{  =  1.16  D^     Other  ordi- 
nates are  proportional  to  the  cube  of  the  distance. 
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The  transition  spiral  herein  outlined  is  in  reality  the  same  as  that 
used  by  Howard  as  reviewed  by  Professor  Cain  in  the  Transactions  for 
May,  1892.  For  proof  of  the  principles  and  a  further  discussion  of 
the  use,  together  with  tables,  see  an  article  in  Technograph  No.  5  of 
the  University  of  Illinois,  page  77. 

The  question  of  the  efficiency  of  easement  curves  is  of  considerable 
importance.  The  objection  is  sometimes  raised  that  even  if  track  is 
laid  out  with  a  carefully  fitted  spiral  there  would  be  no  possibility  of 
keeping  it  in  place  by  the  methods  of  the  ordinary  trackman.  This 
identical  objection  could  be  made  with  the  same  force  against  care- 
fully laid-out  circular  curves,  yet  no  engineer  would  recommend 
abolishing  that  practice.  Even  if,  in  re-lining,  the  transition  curve 
is  considerably  distorted,  it  remains  an  easement,  and  will  be  in  far 
better  riding  condition  than  a  distorted  circular  curve.  By  marking 
the  P.  S.  and  the  P.  C.  C.  with  a  stake  or  post,  with  possibly  an  inter- 
mediate point  on  long  spirals,  the  trackman  will  be  able  to  keep  the 
spiral  in  as  good  condition  as  though  it  were  of  uniform  curvature. 

Properly  constructed  spirals  would  frequently  allow  the  use  of 
sharper  curvature — since  the  riding  quality  of  curves  may  be  the 
governing  consideration  in  the  selection  of  a  maximum — and  thus 
make  a  saving  in  construction.  By  fitting  curves  with  proper  transi- 
tion spirals,  roads  using  sharp  curves  may  partially  relieve  the  objec- 
tion of  the  public  to  traveling  by  their  routes.  The  transition  curve 
has,  then,  a  financial  value  largely  overbalancing  its  cost.  The  adop- 
tion of  such  curves  by  many  of  our  principal  railways  proves  their 
efficiency,  and  the  future  will  see  a  much  more  general  adoption. 
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COMBINATION  BRIDGES— DISCUSSION  ON  PAPER 

No.  557.* 


By  Mendes  Cohen,  M.  Am.   Soc.  C.  E.,  and  William  A.  Ayceigg, 
Assoc.  M.  Am.  Hoc.  C.  E. 


Mendes  Cohen,  M.  Am.  Soc.  C.  E. — It  may  not  be  uninteresting 
for  the  Chair  to  give  a  reminiscence  of  one  of  the  earlier  combina- 
tion bridges. 

In  the  construction  of  the  extension  of  the  Baltimore  and  Ohio 
Railroad  west  of  Cumberland  the  Chief  Engineer  adopted  what  he 
termed  combination  bridges,  in  which  the  compression  members  were 
of  timber,  and  possibly  some  of  the  tension  members  also,  as  I  do  not 
recollect  the  form  of  the  truss.  What  I  do  recall,  however,  is  that 
there  was  a  supplementary  system  of  bracing  of  iron  bars,  forming  a 
catenary. 

The  first  of  these  bridges  crossed  the  Potomac  on  the  21st  mile 
west  of  Cumberland,  and  when  this  section  of  the  road  was  opened  in 
July,  1851,  I  was  present  with  the  excursion  party.     On  reaching  this 

*  "  Combination  Bridge  Building  on  the  Pacific  Coast,"  by  Alfred  D.  Ottewell,  Esq.,  Vol. 
xxvii,  page  466. 
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bridge  tlie  train  was  stopped,  and  the  excursionists  were  invited  to 
examine  the  new  structure.  This  we  did  and  the  train  was  moved  over 
it,  I  suppose  to  show  its  stiffness.  I  followed  the  example  of  some  of 
my  seniors,  and  got  my  eye  down  to  the  level  of  the  track,  not  know- 
ing much  about  what  was  to  be  expected,  but  I  have  recently  had  my 
memory  refreshed  as  to  what  occurred.  When  the  locomotive,  a  25- 
ton  Camel  engine,  entered  on  the  bridge,  it  deflected  the  structure  to 
such  an  extent  as  to  alarm  some  of  the  onlookers,  who  exclaimed, 
"It's  going  down. "  To  this  Mr.  Latrobe  could  only  assure  them  there 
was  no  danger.  However,  the  wave  under  and  ahead  of  the  train  was 
very  marked,  and  sent  a  tremor  through  the  nerves  of  many  who  had 
less  confidence  than  the  Chief  Engineer. 

The  bridge  stood  under  its  work  for  several  years  before  giving 
place  to  a  structure  entirely  of  iron. 

H.  B.  Seaman,  M.  Am.  Soc.  C.  E. — Were  not  the  first  Bollman's 
combination  bridges  ? 

Mr.  Cohen. — No,  the  first  Bollman  bridge  was  the  structure  at  Har- 
per's Ferry,  which  was  called  the  Winchester  Span  of  the  Harper's 
Ferry  bridge.  My  recollection  is  that  it  was  entirely  of  iron  ;  the 
chords  and  posts  were  of  cast  iron. 

I  am  not  quite  sure  that  some  of  Mr.  Fink's  earlier  bridges  may  not 
have  had  the  compression  members  of  wood  ;  I  am  not  sure  of  that, 
but  I  am  inclined  to  think  that  some  of  the  smaller  spans  had. 

Wm.  A.  Ayckigg,  Assoc.  M.  Am.  Soc.  C.  E. — I  was  called  upon  some 
time  ago  to  examine  a  combination  railroad  bridge  in  the  eastern  part 
of  Pennsylvania.  This  bridge  was  built  in  1879,  and  was  a  single 
track,  through,  double  triangular  truss.  There  were  five  spans  of  14(5 
ft.  and  one  of  73  ft. ,  19  ft.  deep,  and  panels  12  ft.  2  in.  long.  The  top 
and  bottom  chords  and  struts  were  wood,  ties  and  counters  were  iron. 
The  bridge  was  rather  peculiar  in  one  respect.  The  piers  were  stone, 
and  at  each  pier  there  were  very  heavy  brackets  running  out  a  little 
past  the  middle  of  the  end  panels.  I  was  at  a  loss  for  some  time  to 
understand  why  the  brackets  were  put  there,  and  the  only  reason  I  can 
give  is  that  the  designer  simply  intended  them  to  keep  the  bridge  from 
sliding  off  the  piers.  The  details  of  the  bridge  were  remarkably  poor. 
The  ends  of  the  struts  simply  rested  against  cast-iron  angle  blocks,  set 
three-quarters  of  an  inch  iuto  the  chords.  The  angle  blocks  had  noth- 
ing but  this  three-quarters  of  an  inch  of  wood  to  hold  them  in  place, 
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and  assuming  thai  the  horizontal  component  of  the  stress  in  the  struts 
was  resisted  entirely  by  this  three-quarter  inch  multiplied  by  the 
width  of  chord,  I  found  at  some  panel  points  a  unit-crusbing  stress  as 
high  as  5  000U's.  and  at  all  such  panel  points,  and  in  fact  at  panel 
points  where  the  crushing  amounted  to  only  2  500  lbs.,  the  wood 
showed  signs  of  giving  way.  The  jar  of  a  passing  train  would  cause 
the  struts  to  move  a  little  off  the  angle  blocks,  and  about  once  every 
month  the  bridge  carpenter  would  drive  them  back.  The  ties  rested 
upon  the  bottom  chord,  and  as  the  unit  stress  in  this  member  at  the 
center  of  the  bridge  was  as  high  as  2  500  lbs.,  it  would  seem  that  the 
designer  had  entirely  neglected  the  bending.  This  bridge,  I  am  happy 
to  state,  has  been  condemned  and  will  soon  be  replaced  by  an  iron 
structure. 
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RESTORATION  OF  THE  CABLE  ENDS  OF  THE 

COVINGTON  AND  CINCINNATI 

SUSPENSION   BRIDGE.* 


By  Gr.  Botjscaren,  M.  Am.  Hoc.  C.  E. 
Bead  March  1st,  1893. 


The  Covington  and  Cincinnati  Suspension  Bridge  was  designed  and 
built  by  John  Boebling.  Begun  in  1856,  the  work  of  construction  was 
interrupted  by  the  vicissitudes  of  the  War  of  the  Rebellion,  and  the 
bridge  was  only  completed  and  opened  to  travel  January  1st,  1867.  It 
was  the  first  bridge  built  over  the  Ohio  River  below  Wheeling,  and 
had  the  longest  span  of  any  bridge  in  existence  until  it  yielded  the 
supremacy  to  the  New  York  and  Brooklyn  Bridge,  built  in  1870-8:.  l»y 
the  same  engineer. 

*  Discussions  on  this  paper  received  before  May  1st,  1893,  will  be  published  in  a  subse- 
quent number. 
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The  principal  dimensions  of  the  bridge  are  as  follows  : 

Feet. 

Middle  span  from  center  to  center  of  towers 1  057 

Side  spans  from  center  of  towers  to  face  of  anchor  walls .  281 
Elevation  of  floor  above  low  water  at  center  of  middle 

span  at  ordinary  temperature 103 

Elevation  of  floor  at  towers  above  low  water 91 

Elevation  of  saddles  on  towers  above  low  water 197 

Width  of  wagon-way  in  the  clear 20 

Width  of  sidewalks,  each 7 

The  cable  system  is  composed  of  two  main  cables  12^  ins.  diameter, 
cradled  from  50  ft.  apart  over  the  towers  to  25  ft.  at  the  center  of  the 
middle  span,  and  36  ft.  at  the  anchorages  ;  re-enforced  by  76  inclined 
stays  2^  ins.  in  diameter.  The  stiffening  trusses  are  of  iron  10  ft. 
high.  A  full  description  of  the  bridge  and  of  the  methods  applied  in  its 
construction  are  found  in  Roebling's  report  of  1867,  addressed  to  the 
directors  and  stockholders  of  the  bridge  company. 

Roebling's  faith  in  the  preservative  quality  of  cement  mortar  led 
him  to  bury  the  anchor  chains  and  cable  ends  of  this  bridge  in 
masonry,  as  he  had  done  before  at  Niagara  and  for  the  Suspension 
Aqueduct  over  the  Allegheny  River  at  Pittsburgh.  His  assurance  in 
this  respect  was  so  positive,  and  the  confidence  which  it  inspired  in 
the  directors  of  the  bridge  company  was  so  great,  that  they  demurred 
to  having  an  examination  made  of  the  buried  parts  of  the  cables  for 
a  long  time  after  a  similar  examination  had  revealed  serious  deterio- 
ration in  the  cable  ends  of  the  Niagara  Bridge. 

In  the  summer  of  1891  it  was  finally  decided  to  have  such  examina- 
tion made  under  the  direction  of  the  writer,  and  to  confine  the  work 
for  that  season  to  the  southeast  anchorage  only.  The  anchor  Avail 
above  the  level  of  the  bridge  floor  is  shown  in  Figs.  1  and  2  (Plate  X). 
The  masonry  is  of  sandstone  from  the  Buena  Vista  quarries  on  the  Ohio 
River,  near  Portsmouth.  It  is  ashlar-faced,  with  rubble  filling,  laid 
with  Louisville  cement  mixed  with  lime,  and  is  capped  with  large 
stone  slabs  jointed  with  pitch. 

Each  main  cable  is  composed  of  seven  strands,  and  each  strand  is 
made  of  740  iron  wires  of  No.  9  Birmingham  gauge  ;  18  ft.  of  this  wire 
weigh  1  lb.,  which  corresponds  to  ifu  of  a  square  inch  in  sectional 
area.     The  wire  was  manufactured  by  Richard  Johnson  and  Nephew, 
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at  Manchester,  England.  The  ultimate  tensile  strength  of  one  wire 
is  given  by  Roebling  in  his  report  at  1  G20  lbs.,  which  would  make 
the  ultimate  strength  of  one  cable 

740  x  7  X  1  620  =  8  391  (500  lbs.  =  4  105.8  tons. 
Every  strand   is  wrapped  at  intervals  with  small  wires,  and  the  seven 
strands  composing  one  cable  are   wrapped  continuously    with   No.    10 
wire,  forming  a  cylinder  12|  ins.  in  diameter. 

The  wrapping  of  the  main  cable  ends  about  1  ft.  inside  of  the 
anchor  wall,  where  the  seven  strands  begin  to  diverge,  to  connect  with 
the  anchor  chain  on  two  pins  4j  inches  in  diameter,  about  16  ft.  back 
from  the  face  of  the  wall,  as  shown  in  Figs.  3  and  4  (Plate  XI).  Each 
strand  divides  in  four  equal  parts  looped  on  cast  shoes,  these  shoes 
and  the  chain  bars  alternating  on  the  pins.  In  this  manner  seven  bars 
and  three  strands  connect  together  on  the  upper  pin,  and  ten  bars  and 
four  strands  connect  together  on  the  lower  pin. 

The  first  link  of  the  anchor  chain  composed,  as  stated  above,  of 
17  eve-bars  of  iron,  has  an  aggregate  section  of  190  sq.  ins.,  and  is 
intended  to  be  equal  in  strength  to  the  cable. 

The  chain  of  small  eye-bars  showrn  in  Figs.  3  and  4  (Plate  XI)  above 
the  cable  connection  served  as  an  anchorage  for  the  temporary  foot- 
bridge during  the  construction  of  the  bridge  and  is  now  used  to  secure 
the  end  of  the  hand-rope  above  the  main  cable. 

The  masonry  was  taken  down  as  indicated  by  the  hachure  lines  in 
Figs.  1  and  2  (Plate  X),  sufficiently  to  uncover  the  entire  length  of  the 
strands  and  about  4  ft.  of  the  anchor  bars  which  connect  wuth  them. 

The  character  of  the  masonry  was  poor,  the  vertical  joints  and  beds 
between  the  dimension  stones  of  the  casing  were  very  irregular  iu  thick- 
ness and  imperfectly  filled  with  mortar;  numerous  cavities  were  found 
in  the  rabble  tilling,  which  in  the  case  of  the  northwest  wall  were  of 
sufficient  size  to  admit  freely  the  full  length  of  a  man's  arm.  The 
mortar  was  very  irregular  in  quality  and  showed  great  variation  in  the 
proportion  of  sand  and  lime  used  with  the  cement;  as  a  rule,  it  \\  a- 
defective  in  hardness  and  saturated  with  moisture,  especially  in  the 
immediate  neighborhood  of  the  cable  strands  which  had  been  bedded 
and  gronted  in  the  rubble.  Quite  a  number  of  wooden  chips  and 
wedges  were  found  imbedded  in  the  mortar  and  reduced  to  the  con- 
sistency of  a  soft  pulp  by  the  united  action  of  air  and  water  ;  in  the 
case  of  the  northwest  abutment,  a  piece  of  yellow  pine  scantling  over 
4  ft.  long  was  found  in  the  mortar  between  the  strands. 
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The  mortar  in  immediate  contact  with  the  wires  was  impregnated 
with  iron  rust  and  formed  a  very  hard  crust  around  the  strands,  which 
could  only  be  removed  with  great  difficulty  and  care,  without  damage 
to  the  wires.  The  outside  wires  of  the  strands  were,  as  a  rule,  bonded 
together  in  a  matrix  of  rust,  giving  to  the  strands  the  appearance  of 
solid  bars,  yet  in  a  few  spots  the  wires  were  bright  and  well  preserved. 

The  cleaning  of  the  wires  was  a  tedious  operation.  Steel  scrapers 
and  brushes  were  used  for  this  purpose  with  an  abundant  application 
of  coal  oil  ;  the  use  of  chisels  and  points  was  forbidden,  to  avoid  fur- 
ther injury  to  the  wires.  After  the  outside  crust  and  the  wire  wrap- 
pings had  been  removed,  wooden  wedges  were  used  to  open  the  strands 
and  insure  a  thorough  penetration  of  the  oil;  but  where  the  strands 
were  looped  on  the  cast  shoes,  and  where  they  came  together  to  form 
the  body  of  the  cable,  the  cleaning  and  oiling  were  necessarily  very 
imperfect. 

The  outside  wires  of  every  strand,  when  cleaned,  showed  a  consider- 
able reduction  in  sectional  area;  many  of  them  parted  during  the  process 
of  cleaning,  being  entirely  eaten  through  by  rust.  This  was  generally 
the  case  where  a  piece  of  wood  or  stone  was  in  contact  with  them. 
The  inside  wires  were  in  comparatively  good  condition. 

After  a  careful  examination  of  the  cleaned  wires,  the  loss  of  strength 
of  the  cable  was  estimated  to  be  about  -g  by  reason  of  reduced  area. 

To  ascertain  what,  if  any,  deterioration  had  taken  place  in  the  quality 
of  the  iron  itself,  12  pieces  were  cut  out  from  the  broken  wires  where 
they  were  in  the  best  condition,  and  tested  for  tensile  strength  in  a 
Riehle  machine.     The  results  were  as  follows  : 


No.  of  Specimen. 

Ult.  Strength. 

Elongation 
in  8  ins. 

Remarks. 

1 

1525 

.,'.,  in. 

2 
■i 

1  490 
1  420 

32 

1        i( 

4 

1  070 

0      " 

Broke  in  clamp. 

5 

1  (100 

JL     " 

0 

1  650 

J,     " 

7 

1  590 

..'.,    "    scant. 

8 

1  580 

■jV    "    scant. 

u 

1  600 

i     .. 

10 

1  020 

h    " 

Broke  near  clamp 

n 

1  710 

(i    " 

Broke  iu  clamp. 

la 

1570 

1585 

Showing  an  average  loss  in  strength  of  about  2)',,  which  may  be  due 
to  a  slight  decrease  of  section.     As  the  original  ductility  of  the  w  ire  is 
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not  known,  no  conclusion  can  be  drawn  from  the  elongations  of  the 
broken  specimens. 

The  chain  bars  were  pitted  with  rust  in  spots,  bul  were  not  seriously 
injured.     The  circumstances  dictated  two  things  to  be  done: 

First.    The  restoration  of  the  cable  end  to  its  original  strength. 
5     md.  -A  permanent  protection  of  thesame  against  further  damage 
by  rusting. 

The  first  object  was  accomplished  by  the  means  of  four  auxiliary 
iron  liars.  1  x  3  ins.  in  section,  looped  on  the  ends  of  the  two  pins,  con- 
necting the  cable  with  the  anchor  chain,  and  made  taut  by  screwing 
at  their  threaded  ends  against  a  head  block  bearing  against  a  system  of 
Motion  collars  clamped  on  the  cable  outside  of  the  walls,  as  shown  in 
Figs.  3,  4  and  5  (Plate  XI). 

Fortunately,  the  connecting  pins  projected  beyond  the  anchor  bars, 
leaving  an  available  space  at  the  ends  of  lj  to  2£  ins.  for  a  bearing  for 
the  auxiliary  bars,  as  shown  in  Fig.  6  (Plate  XI). 

The  friction  hold  on  the  cable  outside  of  the  wall  was  secured  by 
30  collars,  4  x  J  ins.,  clamped  on  with  two  bolts  l£  ins.  diameter,  these 
collars  being  truly  dressed  on  the  face,  fitted  closely  against  each  other, 
forming  a  continuous  sleeve  10  ft.  long  over  the  cable.  Four  angle 
irons,  .">  x  5  ins.,  with  bars  1^x5  ins.  between  them,  are  riveted  to  the 
last  10  collars,  to  give  the  necessary  bearing  for  the  head-block.  The 
head-block  is  made  of  six  steel  plates,  2  x  13  x  26  ins.,  dressed  on  all 
faces  and  assembled  together,  breaking  joints,  by  means  of  20  turned 
bolts,  It  ins.  diameter,  with  countersunk  heads.  The  details  of  the  aux- 
iliary bars,  clamps  and  block  are  shown  in  Figs.  7,  8,  9,  10,  11  and  12 
(Plate  XI). 

Before  placing  the  clamps  in  position  the  old  paint  was  burnt  and 
scraped  off  the  cable,  and  a  fresh,  thick  coat  of  white  lead  applied  and 
sprinkled  heavily  with  lake  sand  to  give  a  better  grip.  The  clamp  bolts 
were  then  screwed  up  by  two  men  acting  at  the  end  of  a  30-in.  wrench. 

The  estimated  tensile  stress  in  a  clamp  bolt  was 18  000  lbs. 

Aggregate  pressure  on  the  diameter  of  the  cable  from 

60  bolts  =  60  x  18  000 =540  tons. 

The  frictional  resistance  from  the  same  on  y§  of  the  cir- 
cumference of  the  cable,  supposing  a  uniform  rate 
of  pressure  normal  to  circumference  |f  x  0. 25  x  540 
x  n =401.4   " 
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Estimated  loss  of  strength  of  cable  |  x  4  200  tons . .  .   =  525  tons. 
Re-enforcement  from  auxiliary  bars  3  X  8  X  25  tons. .    =  600       " 

Working  stress  of  bars  |  x  600 —  120       " 

Margin  of  safety  of  frictional  resistance  over  tension 

m  bars  =             =  3. 34. 
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The  adjustment  of  the  auxiliary  bars  to  a  working  stress  of  10  000  11  is. 
per  square  inch  was  made  in  the  following  manner  :  Six  cylinders 
were  cast  out  of  the  same  pig  of  lead  and  turned  to  the  exact  dimen- 
sions of  diameter  =  2  ins.,  length  =  3  ins.  Two  of  these  cylinders 
were  pressed  successively  in  a  Riehle  testing  machine  in  a  direction 
parallel  to  their  axes.  The  pressure  was  applied  by  increments  of 
5  000  to  30  000  lbs.,  then  by  increments  of  10  000  to  50  000  lbs.,  this 
being  the  limit  of  capacity  of  the  testing  machine.     The  heights  of  the 
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cylinders  were  carefully  measured  after  cadi  application  of  pressure, 
which  Lasted  LO  minutes,  to  give  the  necessary  time  for  the  compression 
of  the  lead  to  take  place.  The  two  operations  gave  almost  identical 
results,  showing  uniformity  in  the  quality  of  the  lead. 

Curve  a  in  Fig.  13  (page  52)  shows  the  relation  between  the  com- 
pressions an.l  t  lie  total  pressures,  the  ordinal  es  representing  the  heights 
of  cylinders  and  the  abscissas  the  corresponding  pressures.  Curve 
shows  the  relation  bet-ween  the  compressions  and  the  pressures  per 
square  inch,  deduced  from  calculated  areas  of  sections  corresponding 
to  the  heights  of  cylinders  at  the  different  stage  of  the  tests.  The 
pressure  scale  for  curve  b  is  ten  times  larger  than  for  curve  a. 

These  curves  show  that  a  critical  point  exists  in  the  Mow  of  lead 
under  pressure  between  2  000  and  2  800  lbs.  per  square  inch,  the  rate 
of  flow  being  regular  after  the  critical  point  is  pissed.  The  capacity 
of  the  testing  machine  used  being  unfort  unately  limited  to  50  000  lbs.. 
the  reduced  height  of  cylinder,  due  to  a  pressure  of  60  000  lbs.,  could 
not  be  measured  directly,  but  was- deduced  constructively  from  curve 
a  and  found  to  be  very  approximately  0.60  of  an  inch. 

The  four  remaining  cylinders  were  placed  between  the  head  block 
and  four  bearing  plates  resting  on  the  four  flanges  of  the  friction  sleeve 
on  the  cable,  and  the  nuts  of  the  auxiliary  bars  being  well  lubricated. 
were  turned  uniformly  until  the  four  cylinders  had  been  reduced  to 
the  desired  height  of  0.60  in. 

At  the  last  turn  the  power  required  to  turn  each  nut  was  measured 
by  the  use  of  a  wrench  shown  in  Fig.  14  (page  52).  A  small  channel  iron 
bent  on  an  arc  of  a  circle  with  the  arm  of  the  wrench  for  radius  was 
attached  thereto,  and  a  spring  dynamometer,  tied  to  the  pulling  rope 
fitting  in  this  rim.  recorded  the  pulls  on  the  rope  at  the  last  turn  for 
each  nut.  These  being  noted,  the  lead  cylinders  and  bearing  plates 
were  taken  out  and  the  same  operation  repeated  with  the  head  blockin 
place,  care  being  taken  to  apply  for  each  nut  the  pull  previously 
recorded  for  it.     The  readings  of  the  dynamometer  were  as  follows: 


No.  of  llod. 

Dynamometer  Beading. 

No.  of  Rod.           Dynamometer  Reading. 

1 

3 

4 

son 

237 
235 

275 

5 

r> 

7 
8 

287 
225 
2110 

2t  HI 
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The  subsequent  adjustment  of  the  rods  for  the  other  anchorages 
was  made  without  the  use  of  lead  cylinders,  and  with  the  uniform 
pull  of  250  lbs.  on  the  wrench  for  each  nut. 

The  first  suggestion  with  regard  to  a  plan  for  the  future  preserva- 
tion of  the  cable  end  was  to  paint  it  thoroughly  and  to  enclose  it  in  a 
chamber  where  it  would  be  protected  from  the  weather  and  accessible 
for  inspection  and  repainting  from  time  to  time.  But  it  is  a  well- 
known  fact  that  unless  rusty  iron  is  cleaned  thoroughly  before  paint- 
ing, it  will  continue  to  rust  under  the  paint,  which  in  such  case  only 
affords  a  delusive  sense  of  security.  For  this  reason  painting  could 
not  be  depended  upon  here,  as  the  rust  could  only  be  removed  from 
the  surface  wires  where  the  strands  come  together  and  where  they  are 
looped  around  the  cast  shoes  on  the  anchor  chain  pins.  At  these 
points  the  wires  could  not  be  loosened  at  all  for  the  purpose  of  cleaning 
and  remained  imbedded  in  rust.  The  safest  plan  against  future 
deterioration  of  the  iron  seemed  to  be  the  entire  exclusion  of  air  and 
moisture  by  a  permanent  oil  bath. 

An  iron  casing  was  constructed  extending  from  the  first  friction 
collar  on  the  cable  to  a  short  distance  beyond  the  connecting  pins  on 
the  anchor  chain  and  enclosing  completely  the  iron-work  between  these 
points.  Figs.  15,  16,  17  and  18  (Plate  XII)  show  the  casing  in  detail.  It 
is  built  of  i-in.  plates  stiffened  with  angle  irons  and  riveted  in  position. 
All  riveted  joints  were  thoroughly  calked  before  painting.  The  upper 
end  of  the  tank  is  closed  with  a  cast-iron  head  made  of  four  Hanged  plates 
with  proper  openings  for  the  cable  and  the  auxiliary  bars,  bolted  to 
an  angle  iron  flange  on  the  tank.  All  joints  were  made  tight  by  the 
use  of  a  lead  tubing  £  in.  diameter,  laid  in  a  small  groove  on  the  face 
of  the  flanges.  The  joint  between  the  cable  and  plates  was  made  by 
pouring  molten  lead  and  caulking. 

The  lower  edge  of  the  bottom  of  the  tank  is  flanged  with  an  angle 
iron  butting  against  the  dressed  face  of  the  large  stone  which  supports 
the  cast-iron  shoes  and  the  heads  of  the  anchor  bars.  This  joint  \\  as 
tilled  with  pitch  poured  through  the  two  hand-holes  shown  in  the  sides 
of  the  tank  near  the  bottom. 

A  block  of  beton  built  in  the  shape  of  an  arch,  back  of  the  con- 
necting pins  so  as  to  clear  the  heads  and  necks  of  the  anchor  bars. 
closed  the  lower  end  of  the  tank.  The  sides  and  top  of  the  tank  over- 
lapped the  finished  faces  of  the  beton  block  about  5  ins.,  leaving  a 
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apace  of  about  in.  between  the  iron  and  the  be'ton  which  was  filled 
with  pitch,  using  for  thai  purpose  the  hand-holes  shown  in  the  lower 
top  plate  of  the  tank.  A  2-in.  pipe  from  the  top  of  the  tank,  near  the 
oast-iron  head,  serves  for  pouring  in  the  oil.  A  pipe  of  the  same  size 
from  the  lower  part  of  the  bottom  allows  the  oil  to  be  drawn  oul  if 
desired. 

The  masonry  was  rebuilt  in  rubble  under  the  tank  within  a  few 
inches  of  the  iron,  and  the  remaining  space  filled  with  beton,  giving  a 
solid  bed  of  masonry  to  the  tank.  The  stones  forming  the  original 
fairs  of  the  wall  were  all  rclaid  in  place  after  dressing  to  a  uniform 
width  of  2  ft.,  and  the  space  between  them  and  the  sides  of  the  tank 
was  tilled  with  beton,  but  no  masonry  was  built  on  top  of  the  tank 
which  now  forms  the  floor  of  a  chamber  accessible  through  an  iron  door. 
The  space  between  the  cable  and  the  square  opening  left  for  its  pass- 
age through  the  front  of  the  wall  was  filed  with  beton.  The  chamber 
is  closed  at  the  top  with  iron  beams  and  brick  arches,  upon  which  rest 
the  stone  slabs  of  the  roof. 

In  outside  shape  and  appearance  the  anchor  wall  is  the  same  as  it 
was  before  the  work  was  done.  Figs.  19  and  20  (Plate  XEtl)  show  the 
construction  of  the  chamber  with  the  tank  in  position. 

In  reconstructing  the  masonry,  Portland  cement  was  used  ex- 
clusively. All  the  beton  was  made  in  the  proportion  of  2  parts  of  sand 
to  1  of  cement. 

After  the  work  of  reconstruction  was  completed,  the  tank  was  filled 
with  paraffine  oil,  about  1  500  galls,  being  required.  Paraffiue  oil  was 
preferred  to  any  other  on  account  of  its  neutral  qualities.  Unlike 
vegetable  and  animal  oils  and  fats,  it  does  not  oxidize  in  contact  with 
the  air  with  development  of  acid  products,  it  does  not  get  thick  and 
rancid,  it  will  preserve  its  purity  indefinitely  and  has  absolutely  no 
chemical  effect  on  iron.  The  grade  of  oil  selected  is  known  on  the 
market  under  the  name  of  "Zone  "oil.  its  flashing  point  is  at  :'>")'i 
Fahr..  at  .">'J  it  begins  to  show  crystals  of  solid  paraffine,  1  gall,  weighs 
7J  lbs.  and  cost  the  bridge  company  about  13 J  cents.  Another 
advantage  of  this  oil  for  this  special  purpose  is  its  great  fluidity, 
which  allows  it  to  penetrate  thoroughly  all  interstices  between  the 
wires. 

This  power  of  penetration  was  well  demonstrated  in  the  case  of  the 
southeast   anchorage.     The   level    of    oil    in    the    tank     was     carefully 
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gauged  through  the  vertical  supply  pipe,  and  a  steady  fall  was 
recorded  from  day  to  day,  which  could  only  be  explained  by  the 
supposition  that  the  oil  was  making  its  way  into  the  masonry,  through 
the  beton  block  at  the  lower  end,  there  being  no  apparent  leak  in  the 
iron  casing.  This  inference  was  confirmed  at  the  end  of  several  we  sks 
by  the  appearance  of  oil  through  the  joints  of  the  masonry  on  both 
sides  of  the  wall,  some  distance  back  and  below  the  tank.  These  exu- 
dations gradually  increased  until  they  had  covered  a  large  surface. 

The  loss  in  the  tank  was  not  great  during  the  winter,  but  increased 
materially  with  the  return  of  warm  weather  in  the  spring.  It  was  then 
decided  to  draw  the  oil  out  and  replace  it  with  paraffine  wax. 

Several  grades  of  wax  are  found  on  the  market  which  differ  only  1  »y 
the  proportion  of  oil  left  in  the  wax.  The  cheaper  grade,  or  crude 
wax,  which  contains  the  greater  proportion  of  oil  was  used.  It  nudts 
at  116°  Fahr.,  and  cost  the  bridge  company  6  cents  per  pound.  It  was 
melted  in  a  steam  kettle  set  on  top  of  the  wall  and  connected  with  the 
supply  pipe  of  the  tank.  The  boiler  of  one  of  the  hoisting  engines  used 
in  rebuilding  the  masonry  supplied  the  steam. 

The  three  other  cable  ends  of  the  bridge  were  restored  during  the 
summer  and  fall  of  1892.  Being  built  alike,  the  same  plan  was  used: 
the  only  departure  made  from  the  method  of  procedure  described  for 
the  southeast  anchorage  was  that  the  arched  face  of  the  beton  block 
inside  the  tank  received  a  thick  coating  of  pitch,  with  a  view  of  pre- 
venting the  leaking  out  of  the  oil  through  that  channel.  The  remedy 
has  been  entirely  effective  to  the  present  time;  the  oil  has  not  made  its 
appearance  on  the  walls,  and  the  levels  of  oil  in  the  tanks  have  not 
varied  perceptibly. 

The  entire  work  was  executed  under  the  immediate  supervision  of 
Mr.  ('.  N.  Miller,  Jun.  Am.  Soc.  C.  E. 
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THE     SHONE     HYDRO-PNEUMATIC     SYSTEM     OF 
SEWERAGE.— DISCUSSION  ON  PAPER  No.  568.* 


By  F.  P.  Stearns,  Foster  Crowell,  J.  J.  B.  Ckoes,  J.  Foster  Flagg. 
"William  L.  Saunders,  William  Barclay  Parsons,  A.  Ftelet, 
F.  W.  Skinner,  Budolph  Hering  and  U.  H.  Broitghton. 


F.  P.  Stearns,  M.  Am.  Soc.  C.  E. — I  have  been  very  niuch  inter- 
ested in  the  paper  which  Mr.  Broughton  has  read,  explaining  this 
system  of  purnping  sewage.  I  have  long  had  a  general  knowledge  of 
the  system  and  it  has  always  seemed  to  me  to  be  very  well  adapted  to 
certain  situations;  for  instance,  when  I  first  heard  that  it  was  to  be  used 
for  the  sewerage  of  the  World's  Fair  buildings,  it  seemed  to  me  a  proper 
system  for  this  place  where  the  ground  is  level  and  but  a  few  feet  above 
the  lake. 

As  I  have  never  had  any  practical  experience  with  the  system,  I  am 
inclined  to  take  advantage  of  Mr.  Broughton's  presence  this  evening 
and  ask  a  question  rather  than  attempt  to  discuss  the  subject  myself, 

*  See  Vol.  XXVII,  page  659. 
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and,  if  questions  are  in  order,  I  will  ask,  with  reference  to  the  valves 
shown  on  the  diagram,  whether  they  ever  clog.  The  sewers  in  our 
large  cities  where  the  "combined  system  "  is  used  bring  down  a  great 
variety  of  coarse  things,  of  which  sticks  or  short  pieces  of  wood  are, 
perhaps,  the  most  likely  to  clog  a  valve,  while,  even  in  dry  weather, 
when  no  water  is  entering  from  the  streets,  such  articles  as  cloths  and 
scrubbing  brushes  find  their  way  into  the  sewers.  Much  gravel  and 
sand  also  enter  a  "combined  system  "  of  sewers. 

Mr.  Broughton. — As  regards  the  clogging  of  the  valves  I  have  never 
known  the  slightest  trouble.  I  can  vouch  for  the  following:  at  a  cer- 
tain place  in  Chicago,  I  put  a  Shone  plant  for  pumping  water;  the  con- 
nection to  the  inlet  pipe  of  the  ejector  had  to  be  made  by  a  diver,  and 
he  did  a  very  bad  job.  Bricks  were  carried  into  the  ejector;  they  passed 
through  the  valves  and  did  not  stop  the  work  of  the  ejector  at  all. 

Foster  Crowell,  M.  Am.  Soc.  C.  E. — I  should  like  to  ask  a  question 
before  you  sit  down.  You  have  given  the  cost  of  some  of  the  smaller 
works;  are  the  figures  of  the  Exposition  works  available  ? 

Mr.  Broughton. — They  are  not  available,  because  in  a  good  many 
of  the  contracts  let  there  is  some  rebate.  For  instance,  the  people  who 
supply  the  iron  pipe  for  the  sewers  have  to  take  it  back  at  a  certain 
time  and  refund  so  much  money.  I  can  tell  the  actual  cost  of  the 
ejectors. 

Mr.  Crowell,. — The  details  are  not  so  important.  It  would,  how- 
ever, be  interesting  and  instructive  to  have  the  total  cost  of  this  large 
plant  for  such  a  specific  service,  irrespective  of  the  rebates,  for  com- 
parison with  other  systems. 

Mr.  Broughton. — In  the  cases  I  have  mentioned,  I  acted  as  the 
engineer;  but  in  the  case  of  the  Exposition  I  know  nothing  of  the  cost, 
except  the  cost  of  the  ejectors  themselves,  which  I  am  quite  willing  to 
give.  The  cost  of  the  ejectors — there  are  52  in  number  with  a  united 
capacity  of  17  000  000  galls.— was  $72  000.  The  actual  cost  of  the  sewers 
I  do  not  know.  The  small  gravitation  pipes  must  vary  between  80 
cents  and  $1  20  a  foot.  The  air-compressing  plant  is  put  there  as  an 
exhibit,  so  I  do  not  know  the  cost  of  it. 

With  reference  to  cost  I  might  say  I  have  recently  prepared  a  pro- 
ject upon  the  Shone  system  for  a  very  large  city  in  the  United  States, 
for  which  one  of  your  members  was  Consulting  Engineer.  He  told  me 
that  there  were  three  or  four  pumping  projects  under  consideration, 
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ami  that  my  project,  when  put  on  the  same  basis  of  cost  with  all  the 
others,  was  the  cheapest.  With  140  miles  of  sewers,  the  total  cost,  in- 
cluding everything,  turned  over  in  working  order,  was  $1  25  per  run- 
ning foot  of  sewer.  Upon  the  Shone  system  it  is  never  necessary  to 
use  other — I  am  talking,  of  course,  of  the  separate  system — than  small 
pipes,  because  in  an  absolutely  flat  country  you  can  get  proper  grades 
by  sinking  your  ejectors  to  the  desired  depth. 

J.  J.  R.  Ceoes,  M.  Am.  Soc.  C.  E. — The  theory  that  the  separation  of 
the  solids  and  liquids  in  the  filtering  tank  is  facilitated  by  the  agitation 
consequent  upon  introducing  the  unfiltered  material  at  the  bottom 
under  a  head,  and  permitting  the  surface  water  to  flow  off  by  an  over- 
flow, does  not  strike  me  as  tenable.  That  appears  to  be  an  essential 
feature  of  the  scheme  proposed. 

Mr.  Bkoughton. — That  is  what  is  claimed  for  this  form  of  settling 
tank.  Such  tanks  have  been  in  use  for  several  years;  they  were  de- 
signed by  an  engineer  named  Kinebuhler.  I  have  not  seen  the  tanks 
in  operation  myself.  The  sewage  is  pumped  into  the  top  of  the  tank; 
it  then  falls  down  a  central  pipe  and  is  distributed  by  arms  throughout 
the  whole  tank.  The  force  with  which  it  comes  in  sends  some  of  the 
lighter  solid  matters  up  several  feet  high;  these  then  begin  to  sink  and, 
in  doing  so,  form  a  layer  of  matter  which  has  the  effect  of  partially 
serving  as  a  floating  filter  for  the  other  material  as  it  comes  in. 

Mr.  Ckoes. — Is  the  theory  borne  out  by  the  results  in  practice  ? 

Mr.  Bkoughton. — There  have  been  many  papers  written  describing 
this  action  and  the  tanks  have  been  in  use  for  several  years.  This  is, 
however,  only  one  feature  of  these  tanks,  and  is  not  the  especial  object 
of  the  tank  being  in  that  shape.  It  takes  but  little  room,  and  any 
precipitation  process  may  be  employed. 

J.  Foster  Flagg. — The  author  says  that  a  low  pressure  of  the  com- 
pressed air  is  generally  all  that  is  necessary.  Will  he  state  what  is  the 
average  ordinary  pressure  used  in  the  system? 

Mr.  Bkoughton. — The  pressure,  of  course,  depends  upon  the  lift,  but 
it  is  very  seldom  that  a  very  great  lift  is  required.  The  greatest  that 
I  know  of  is  at  Henley  on  the  Thames,  where  the  total  lift  is  180  ft. , 
and  this  is  divided  into  two  lifts,  it  being  more  economical  to  produce 
twice  the  amount  of  air  than  to  double  the  pressure.  Fifteen  to  25  lbs. 
pressure  in  the  majority  of  places  is  all  that  is  required. 

Wm.  L.  Saunders,  M.  Am.  Soc.  C.  E. — This  subject  is  one  of  great 
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interest  to  me,  not  only  because  it  is  an  important  application  of  coin- 
pressed  air,  but  in  connection  with  the  problem  that  confronts  us  in  Plain- 
field  as  to  how  to  sewer  the  town.  I  am  very  glad  to  hear,  Mr.  Chairman, 
that  Mr.  Broughton  can  give  us  some  facts  and  exjJeriences  which  antago- 
nize an  impression  which  seems  to  exist  in  the  public  mind  as  to  the 
dreadful  extravagance  of  compressed  air.  If  we  can  put  a  little  air 
compressor  on  the  side  of  a  wall  and  let  it  take  care  of  itself,  doing 
such  work  as  this  Shone  system  does,  doing  it  at  almost  50%  efficiency, 
it  seems  to  me  that  this  might  modify  the  idea  that  compressed  air  is 
such  an  extravagant  power.  In  connection  with  this  system,  I  had 
occasion  several  years  ago  to  correspond  with  Mr.  Sturgeon,  of  Lon- 
don, concerning  the  plans  and  projects  of  Mr.  Shone,  and  Mr.  Shone 
has  been  of  much  service  to  me  in  the  study  of  compressed  air.  His 
tables  showing  the  efficiencies  of  air  compressors  are  very  useful. 
These  tables  are  now  accepted  as  standard.  The  pressure  which  Mr. 
Broughton  has  mentioned  as  that  at  which  the  compressed  air  is  used 
in  this  system,  about  25  lbs.,  is  generally  admitted  by  pneumatic 
engineers  to  be  the  most  economical  pressure,  and  it  seems  to  be 
ample  under  these  circumstances. 

In  connection  with  the  sewerage  of  Plainfield,  we  are  now  consider- 
ing the  subject,  and  I  presume  that  our  difficulties  are  similar  to  those 
which  the  Shone  people  have  met  in  the  West.  We  have  a  very  level 
country.  There  are  a  great  many  towns  between  Elizabeth  and 
Somerville  and  Bound  Brook  which  are  growing  in  population  very 
rapidly,  and  none  of  which  has  any  system  of  sewerage.  You  go  from 
Elizabeth  out  to  Somerville,  passing  through  Plainfield  and  North 
Plainfield,  with  20  000  inhabitants,  with  street  railroads  and  all  other 
improvements,  and  every  fellow  is  dumping  his  sewage  in  the  back 
yard.  We  have  a  soil  favorable  to  that  condition  of  things,  and,  I  pre- 
sume, the  condition  of  the  soil  and  the  indifference  of  the  people  has 
led  to  the  continuation  of  this  undesirable  system,  but  the  people  are 
now  beginning  to  look  into  the  subject  and  we  have  thought  of  using 
compressed  air  in  connection  with  a  sewerage  system.  We  purpose  to 
convey  the  sewage  matter  to  a  point  just  outside  the  city  limits,  and 
possibly  the  Shone  ejector  might  come  in  very  well  to  give  us  the 
proper  level  so  that  we  might  take  in  all  sections  of  the  city,  which 
covers  a  large  area.  I  have  proposed  to  carry  this  to  a  certain  point 
below  the  city  and  there  discharge  it  into  a  tank,  or  one  or  more  tanks, 
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and  then  admit  compressed  air  into  the  tanks,  the  compressed  air  being 
furnished  from  a  central  station  and  delivered  automatically,  in  a  sim- 
ilar manner  to  that  described  in  the  use  of  the  Shone  ejector.  But  the 
difference  is  this,  that  the  sewage,  instead  of  being  lifted  to  a  greater 
level  and  carried  to  a  discharge  point,  is  simply  forced  into  the 
ground.  In  other  words,  the  sewage  matter  having  collected  in  the 
tank,  the  compressed  air  is  admitted  on  to}J  of  it,  and  a  iorced  filtra- 
tion is  the  result.  It  is  proposed  to  discharge  the  matter  through  per- 
forated pipes  which  connect  with  the  tank  near  the  bottom  and  which 
extend  radially  from  the  center  of  each  tank.  These  discharging  pipes 
extend  horizontally  and  need  not  go  over  10  ft.  or  so  under  the 
ground.  The  water  moves  from  the  mountains  northeast  to  a  point 
southwest,  and  the  suggestion  is  that  if  we  can  get  the  compressed 
air  on  the  top  of  the  sewage  matter  and  discharge  it  into  the  soil, 
even  though  it  should  reach  the  first  water  course,  we  are  practically 
discharging  the  matter  into  the  ground,  and  there  being  no  wells  near 
that  point,  it  seems  that  it  might  not  be  unsafe  to  do  so.  That  is  a 
point  on  which  I  would  be  glad  to  have,  not  only  Mr.  Broughton's 
opinion,  but  the  opinion  of  any  other  member  here. 

In  regard  to  compressed  air  in  connection  with  purification,  it  is  a 
well-known  fact  that  the  particles  of  sewage  matter  have  an  affinity  for 
oxygen,  and  the  idea  is  to  treat  the  sewage  by  means  of  compressed  air 
and  mechanically  agitate  it  and  aerate  it,  so  that  when  it  goes  into  the 
ground  it  is  not  in  such  a  bad  state  as  when  it  went  into  the  tank.  The 
sludge  can  be  discharged  by  means  of  compressed  air  by  forcing  it  into 
the  ground,  or  into  a  furnace  or  otherwise.  This  is  the  crude  idea  which 
exists  in  our  minds  at  the  present  time. 

Mr.  Croes. — It  is  impossible  to  condemn  too  strongly  this  proposition 
to  pollute  the  underground  sources  of  water  supply  by  pumping  sew- 
age into  them  under  pressure.  It  is  outrageous,  and  it  certainly  ought 
to  be  prohibited  by  the  State  Board  of  Health  from  being  carried  into 
execution. 

Mr.  Saunders. — If  this  danger  would  exist,  is  it  not  true  that  it  now 
exists  ?  The  city  is  now  studded  with  cessjjools  which  are  located  near 
the  wells,  while  the  plan  which  I  propose  is  to  concentrate  those  cess- 
pools at  one  point  outside  of  the  city  and  in  the  direction  toward  which 
the  water  under  the  soil  is  moving.  Experiments  have  shown  that 
there  is  a  distinct  movement  in  well  water  from  northeast  to  south- 
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west,  and  with  filtration  tanks  located  in  the  extreme  southwest, 
it  does  not  seem  to  me  that  there  will  be  any  danger  due  to  forcing 
sewage  matter  up  stream.  Besides,  there  is  no  reason  to  think  that 
this  matter  will  reach  the  water  courses  which  are  located  below  a 
stratum  of  clay.  It  is  furthermore  reasonable  to  suppose  that  there 
will  be  a  filtration  going  on  as  the  matter  traverses  the  ground,  and,  as 
it  had  previously  had  a  good  dose  of  compressed  air,  it  is  not  likely  to 
hurt  anybody  in  case,  by  any  extraordinary  provision  of  Nature,  it  might 
travel  a  mile  or  so  underground.  My  belief  is  that  it  will  not  travel 
at  all,  but  will  remain  in  the  spongy  soil  near  the  surface,  losing  its 
liquid  matter  by  evaporation  and  perhaps  nitrificatiou,  and  in  the 
course  of  time  perhaps  becoming  clogged  by  solids.  It  is  a  well- 
known  fact  that  sewage  matter  contains  2  parts  in  1  000  of  solid 
matter;  one  of  these  parts  is  sludge,  and  the  other  insoluble  matter 
such  as  sand,  lemon  skins,  rags,  New  York  Worlds,  etc.  We  think  there 
will  be  no  difficulty  in  taking  care  of  the  solid  matter  even  if  we  have 
to  discharge  it  from  the  tank  by  means  of  compressed  air.  It  has 
been  suggested  that  it  be  discharged  into  a  furnace  and  burned  together 
with  garbage. 

Mr.  Ckoes. — If  you  are  going  to  force  water  under  pressure  into  a 
subterranean  stream  it  will  work  up  stream  as  well  as  down  stream,  and 
the  health  of  Plainfield  would  not  be  in  the  least  degree  benefited,  but 
on  the  contrary  would  be  seriously  endangered  by  taking  the  water  from 
a  portion  of  the  sewage  and  putting  it  further  underground,  pump- 
ing it  and  spreading  it  in  every  direction,  backing  up  the  ground 
water  in  the  more  built-up  portions  of  the  town,  and  also  injuring  the 
water  of  the  wells  of  the  outlying  portion  below  on  the  down-stream  side. 
The  pressure  of  that  polluted  water  into  the  soil  will  back  up  the  water, 
and  the  effect  will  extend  to  a  considerable  distance  away  from  the 
pumping  station.  Prom  the  very  fact  of  these  underground  currents 
in  the  soil  the  result  would  be  that  the  jiolluted  water  would  be 
brought  nearer  to  the  surface  and  the  pollution  would  extend  up 
stream  to  a  considerable  distance. 

Mr.  Saundeks. — I  must  confess  that  it  is  not  clear  to  me  how  this 
sewage  matter  can  be  carried  up  stream.  The  proportion  of  sewage 
is  very  small  when  compared  with  the  body  of  moving  water.  You 
may  know  that  we  have  under  the  soil  in  Plainfield  what  has  been 
called  an  "underground  river."     This  is  probably  nothing  more  than 
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the  rain  water  moving  through  the  basin  of  gravel  some  distance  under 
the  surface.  Plainfield  is  located  in  a  sort  of  basin  and  the  soil  is  very 
porous.  There  is  a  layer  of  clay  about  eighteen  feet  below  the  surface 
and  it  is  not  likely  that  the  sewage  will  go  below  this  clay.  The  water 
supply  which  comes  from  a  depth  greater  than  50  ft.  is  practically 
inexhaustible,  tests  having  been  made  pumping  night  and  day  large 
volumes  of  water  with  no  appreciable  diminution  of  the  supply. 

William  Barclay  Parsons,  M.  Am.  Soc.  C.  E.-My  experience  with 
Plainfield  is  that  it  is  entirely  possible  to  run  the  sewage  down 
to  tidewater  by  ordinary  gravitation.  I  would  rather  have  the 
sewage  disposed  of  that  way  than  to  have  it  forced  beneath  the  soil 
into  any  of  the  subterranean  rivers  that  the  inhabitants  of  Plainfield 
believe  exist.  But  to  return  to  the  subject  of  the  Shone  system. 
Some  two  or  three  years  ago  I  was  in  the  City  of  Mexico  and  they  were 
discussing  sewerage  questions  then.  There  was  a  talk  of  introducing 
the  Shone  system;  was  it  introduced  ? 

Mr.  Broughton.— No,  sir;  I  prepared  the  project,  but  it  was  not 
introduced  because  the  necessary  money  was  not  forthcoming. 

Mr.  Parsons. -The  City  of  Mexico  is  like  many  other  places  we  have 
to  deal  with.  Apart  from  its  having  no  money,  those  who  have  been 
there  know  that  it  is  founded  on  the  site  of  an  old  lake,  so  that  the 
ground  is  quite  flat  and  it  is  almost  impossible  to  get  any  kind  of  gravi- 
tation system.  The  only  feasible  method  of  disposing  of  the  sewage 
would  be  by  some  mechanical  means,  either  by  the  Shone  system  or 
by  some  method  of  pumping.  I  was  interested  to  know  whether  any- 
thing had  been  done  in  this  regard. 

A.  Fteley.M.  Am.  Soc.  C.  E.  -Although  I  do  not  pretend  to  be  well 
conversant  with  the  Shone  system  which  I  have  never  seen  in  operation, 
I  would  ask  Mr.  Broughton  whether  any  provision  is  made  to  duplicate 
the  valves  or  ejectors.  We  all  know  that  automatic  apparatus  is 
liable  to  get  out  of  order ;  the  valves  especially  may  be  clogged  and  it 
appears  that  in  any  case  of  derangement  of  the  apparatus  an  object- 
ionable accumulation  of  sewage  might  occur,  which,  especially  in  a 
district  which  has  no  natural  drainage,  would  be  very  objectionable, 
and  would  even  interfere,  after  a  short  time,  with  the  necessary  work 
of  repairs.  It  also  occurred  to  me  that,  in  some  cases,  a  small 
additional  basin  could  be  provided,  in  the  vicinity  of  the  ejectors, 
to  receive,  in  case  of  accident,  a  portion  of  the  contents  of  the  sewers, 
thus  giving  time  for  repairs. 
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Mr.  Broughton. — As  an  engineer,  I  admit  that  no  works  of  man  are 
infallible,  and  in  the  case  of  the  Shone  system  no  engineer  who  has  had 
any  experience  with  puniping  machinery  for  continuous  operation  would 
put  in  one  machine  only  at  one  place.  There  are  always  two  machines 
put  in  ;  if  anything  went  wrong  with  the  first,  the  sewage  would  flow 
into  the  second.  If  the  two  machines  are  out  of  order  at  the  same  time 
it  is  time  to  make  a  change  in  the  superintendence  of  the  system.  I 
have  had  an  experience  of  many  years  with  the  Shone  system,  and 
know  of  no  case  where  any  damage  has  ever  been  done  by  the  failure 
of  an  ejector.  I  have  known  of  a  case  where  an  ejector  has  been  out 
of  order  temporarily,  but  never  where  two  ejectors  at  the  same  station 
have  been  out  of  order  at  the  same  time.  The  bursting  of  the  casting 
of  the  ejector  itself  is  a  remote  contingency.  In  the  majority  of  cases 
one  can  arrange  for  overflows  at  the  point  where  the  sewage  is  raised; 
but  that,  in  my  opinion,  where  machinery  is  duplicated,  is  a  waste  of 
money.  In  every  work  where  mechanical  operation  takes  place  there 
ought  to  be  some  care  and  supervision  exercised.  These  are  simple 
machines  and  require  little  attention.  I  might  say  that  their  greatest 
fault  is  they  are  too  automatic,  so  much  so  that  the  person  in  charge 
of  them  often  will  not  look  at  them  until  something — packing,  for 
instance — wears  out. 

In  reference  to  the  City  of  Mexico,  I  know  every  street  and  alley  in 
that  city,  and  there  were  no  sewer  pipes  proposed  larger  than  7  ins. 
There  were  to  be  33  ejector  stations  in  a  city  of  420  000  inhabitants,  and 
this  worked  out  vastly  cheaper  than  any  system  of  gravitation  they 
could  put  in.  By  this  system  the  puniping  stations  can  be  distributed 
and  the  saving  in  the  size  and  depth  of  the  sewers  more  than  pay  for 
the  expense  of  the  machinery  for  pumping. 

Mr.  Flagg.— In  Winona,  I  understand  that,  during  high  water,  the 
Shone  ejectors  pump  against  pressure  in  the  outlet  sewer.  If  any 
foreign  articles  should  get  in  so  as  to  prop  open  both  valves  of  an 
ejector,  would  not  the  compressed  air  from  the  air  pipe,  or  the  pres- 
sure in  the  outlet  sewer  from  high  water  in  the  river,  force  the  sewage 
into  some  of  the  houses  through  the  house  drains  ? 

Mr.  Broughton. — Everything  flows  by  gravity  to  the  ejector  station, 
and  is  forced  out  by  the  ejector.  If  the  inlet  valve  was  wedged  open, 
the  air,  when  admitted,  has  a  tendency  to  close  that  valve,  even  if  there 
is  an  obstacle  there.    But  suppose  that  an  iron  bar  was  put  underneath 
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this  valve  designedly  (it  could  not  get  there  by  accident)  so  that  it 
could  not  possibly  close,  then  the  person  in  charge  of  the  central 
station  would  see  that  there  was  an  abnormal  use  of  air  and  would 
know  that  there  was  something  wrong.  Nothing  that  can  come  down 
the  sewer  itself  can  wedge  open  that  valve  for  the  reason  that  the 
sewers  themselves  are  smaller  in  diameter  than  the  valve  passages.  I 
do  not,  of  course,  wish  to  infer  that  there  is  anything  in  the  Shone 
system  that  can  wholly  obviate  disasters. 

Mr.  Flagg. — Would  it  not  affect  the  flow  ? 

Mr.  Broughton. — It  would  prevent  a  flow  in  the  sewer  ;  the  water 
being  forced  out  through  the  inlet  valve  would  prevent  the  sewage 
from  entering  the  ejector,  and  if  that  state  of  things  continued  long 
enough,  the  sewage  would  back  up  into  the  house  drains  ;  but  that  is 
assuming  a  very  remote  contingency.  The  man  in  charge  of  an  air  com- 
pressor can,  in  a  week's  time,  accustom  his  ear  to  tell  whether  the 
ejectors  are  discharging  properly.  The  men  in  charge  of  sewerage 
works  ought  to  have  some  knowledge  of  the  system  employed,  and  it 
is  their  business  to  know  when  anything  is  wrong.  I  do  not  see  how 
the  valves  of  the  ejector  are  likely  to  be  clogged  when  the  sewers  are 
smaller  than  the  passage-ways  of  the  valves. 

Mr.  FnAGG. — I  should  think  that  if  there  were  40  or  50  different 
ejector  stations  the  man  in  charge  could  not  tell  which  one  was  in 
trouble  ;  it  might  take  him  some  time  to  locate  it. 

Mr.  Broughton. — I  think  that  any  man  in  charge,  even  with  30  or 
40  stations,  if  such  a  large  aperture  was  open  as  an  inlet  valve  would 
find  that  his  engine  could  hardly  keep  pace  with  the  waste  of  air. 

Mr.  Croes. — The  operation  of  those  works  would  be  similar  to  that 
of  any  other  complicated  system  involving  the  use  of  machinery.  A 
complete  duplicate  plant  would  doubtless  be  the  only  means  of  insuring 
immunity  from  accident.  But  that  is  not  good  engineering  nor  business, 
nor  is  it  like  Nature.  The  human  machine,  for  instance,  is  a  complicated 
one  and  liable  to  get  out  of  order  unless  properly  cared  for.  But  man 
has  not  been  provided  with  a  duplicate  set  of  bowels  to  use  in  case  of 
disarrangement  of  the  original  set.  With  a  well-designed  and  intelli- 
gently managed  system  of  works  of  any  kind  some  chances  must  be 
taken,  and  there  is  a  better  chance  of  having  good  work  done  in  the 
case  of  a  single  plant  which  must  be  well  maintained  than  with  a  dupli- 
cate plant  in  which  it  is  felt  that  it  makes  very  little  difference  whether 
any  part  gives  out  or  not. 
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Mr.  Steakns. — With  the  knowledge  which  I  have  had  of  the  Shone 
system  it  has  always  seemed  to  me  particularly  well  fitted  for  special 
situations.  I  now  have  in  mind  as  one  of  these  a  place  where  a  ground 
water  supply  is  taken  from  gravelly  ground  on  one  side  of  a  river,  and 
directly  opposite  many  houses  are  being  built  on  land  so  low  that  the 
sewage  from  them  cannot  be  discharged  into  the  system  of  sewers  which 
provides  for  other  parts  of  the  city  ;  consequently,  the  wastes  from  these 
houses  are  disposed  of  in  cesspools  and  the  effluent  from  them  necessarily 
sinks  into  the  ground  and  eventually  finds  its  way  into  the  water  sup- 
ply. This  seems  to  be  a  situation  for  which  the  Shone  system  is  par- 
ticularly well  adapted.  With  a  majority  of  the  towns  in  Massachusetts 
where  the  sewerage  requires  pumping  in  order  that  it  may  be  subse- 
quently purified  by  filtration  or  otherwise,  the  sewage  can  readily  be 
brought  to  one  central  station  in  the  lower  part  of  the  town  and  there 
pumped.  In  many  cases  the  force  main  runs  with  an  up  grade  for  a 
long  distance  to  the  point  of  discharge.  An  example  of  this  kind  is 
furnished  by  the  sewerage  works  at  South  Franiinghain.  At  this  place 
the  sewage  first  passes  into  a  large  tank  which  will  bold  the  night  sew- 
age and  permit  the  pumping  to  be  done  wholly  in  the  daytime.  There 
is  an  advantage  in  avoiding  night  work  at  the  smaller  places,  as  one 
engineer  can  do  the  whole  of  the  pumping,  and  the  sewage  reaches  the 
disposal  area  in  the  daytime  when  there  are  workmen  about  to  take 
care  of  it  as  it  comes.  It  has  always  seemed  to  me  that  a  steam  pump- 
ing plant  is  particularly  adapted  to  such  a  situation  as  this.  I  would 
like,  however,  to  hear  from  Mr.  Broughton  whether  he  thinks  the 
Shone  system  would  be  applicable  in  a  case  of  this  kind. 

Mr.  Brotjghton. — One  of  the  canons  accepted  by  sanitary  engineers 
now  is  that  sewage  ought  to  be  got  rid  of  as  fast  as  produced;  it  ought 
never  to  be  impounded,  as  is  the  case  of  sewage  going  into  large  reser- 
voirs where  steam  pumps  are  used.  I  think  I  am  safe  in  saying  that 
the  Shone  is  the  only  sewage  pump  that  can  regulate  itself.  With 
ordinary  steam  pumps  pumping  sewage  it  is  necessary  that  they 
should  pump  at  a  comparatively  uniform  rate,  and  as  sewage  does  not 
flow  at  a  uniform  rate,  there  must  be  storage.  The  result  is  that  if 
the  sewage  in  the  reservoir  is  a  foot  lower  than  it  was  the  week  pre- 
ceding, it  has  left  a  film  adhering  to  the  sides  of  the  reservoir  which 
rapidly  decomposes.  That,  in  itself,  is  very  objectionable,  and,  more- 
over, a  collection  of  solids  which  cannot  be  reached  by  the  pump, 
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forms  on  tke  bottom  of  the  reservoir  and  has  to  be  removed  by  manual 
labor. 

Where  sewage  is  brought  to  one  station,  the  sewers  in  a  town  of  any 
considerable  size  must  necessarily  be  large  and  in  the  majority  of  cases 
deep,  and  if  the  sewage  is  stored  in  a  reservoir  it  is  apt  to  produce 
sewer  gas  which  is  distributed  all  over  the  city.  The  only  way  to 
render  a  sewerage  system  perfect  is  to  get  rid  of  everything  as  fast  as 
it  collects. 

I  have  seen  a  great  number  of  ordinary  sewage  pumping  stations, 
and  I  have  never  seen  a  station  where  they  had  not  to  resort  to 
screens.  These  screens  are  constantly  getting  clogged  up.  In  a 
sewage  pumping  station  in  Europe,  which  was  designed  by  a  man 
eminent  in  his  profession,  I  know  that  those  screens  have  to  be  cleaned 
three  or  four  times  a  day.  Take  the  case  of  Preston,  England,  which 
is  a  place  where  some  of  the  finest  steam  pumps  are  manufactured.  The 
authorities  of  Preston,  although  the  majority  of  them  are  men  who  are 
interested  in  the  manufacture  of  pumps,  selected  the  Shone  system 
for  the  reason  that  the  pumping  stations  are  in  the  residential  district 
and  this  system  disposes  of  everything  as  fast  as  it  comes  along,  and 
is  absolutely  inoffensive. 

In  regard  to  the  case  referred  to,  where  there  is  a  pumping  station 
and  a  few  houses  on  the  other  side  of  the  river  which  could  not  be  con- 
nected with  the  main  system,  it  would  be  a  very  simple  matter  to  put 
down  an  ejector  station  to  drain  those  houses  to  it  and  lay  a  small  air 
pipe  from  the  pumping  station  to  the  ejector.  In  this  case  there  would 
be  no  extra  cost  for  attendance,  because  the  small  attention  that  the 
compressor  would  require  could  be  given  by  the  man  who  looked  after 
the  pumping  engines.  Eeferring  to  the  relative  efficiency  of  pumping 
with  steam  and  compressed  air,  in  dealing  with  water  you  cannot  get 
the  same  efficiency  with  compressed  air  that  you  can  with  steam  pumps ; 
but  with  sewage  you  can,  for  the  reason  that  the  lift  in  the  valves  of 
sewage  pumps  have  to  be  greater,  to  allow  the  thousand  and  one  things 
to  pass  that  come  down  a  sewer;  the  slip  is  greater  than  when  pump- 
ing clean  water.  For  lifts  where  low  pressure  is  employed,  I  should 
say  you  can  get  just  as  high  an  efficiency  when  pumping  crude  sewage 
by  means  of  compressed  air,  as  you  can  with  the  best  steam  sewage 
pumps. 

F.  W.  Skinnek,  M.  Am.  Soc.  C.  E. — I  would  like  to  ask  for  further 
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explanations  from  Mr.  Broughton.  As  I  understand,  his  great  object- 
ion to  the  use  of  steam  pumps  is  that  it  is  almost  impossible  to  control 
them  for  variable  intermittent  flow.  Now  it  is  well  known  that,  espe- 
cially in  this  city,  there  are  a  very  large  number  of  mechanical  systems, 
particularly  in  large  buildings,  where  water  of  condensation  from  steam 
apparatus,  or  water  collected  from  various  sources,  is  received  in  tanks 
and  pumped  out  by  steam  pumps,  those  pumps  being  regulated  by 
automatic  governors  that  are  usually  operated  by  floats  following  the 
water  level,  and  directly  controlling  the  steam  supply. 

The  result  is  that  ordinarily  the  pump  works  very  slowly  under  a 
little  constant  steam  supply  which  is  immediately  increased  and  the 
speed  raised  if  any  sudden  or  augmented  flow  of  water  raises  its  level 
in  the  float  chamber.  I  do  not  know  that  there  has  been  any  occasion 
to  adapt  this  arrangement  to  large  pumps,  but  it  would  be  only  an  ex- 
tension of  simple  and  efficient  apparatus  to  larger  duty  and  could  hardly 
offer  serious  trouble  to  practical  designers. 

Mr.  Steaens. — There  are  some  points  made  by  Mr.  Broughton  which 
I  cannot  fully  agree  with.  He  speaks,  for  instance,  of  the  efficiency 
of  the  Shone  ejectors  as  compared  with  steam  pumps.  I  notice  in  his 
paper  the  statement  that  Prof.  Unwin  made  some  tests  on  ejectors  and 
the  percentage  of  useful  work  obtained,  after  allowing  for  all  losses, 
was  4:8.9%.  I  will  ask  if  the  percentage  given  is  meant  to  indicate  the 
relation  between  the  indicated  horse  power  of  the  engine  and  the  actual 
work  done  in  lifting  the  sewage. 

Mr.  Beoughton. — I  mean  the  efficiency  of  the  whole  system. 
Mr.  Steaens. — Several  years  ago  I  had  occasion,  with  some  other 
engineers,  to  test  the  steam  plant  of  the  Boston  Sewerage  Works  and 
we  found  that  an  indicated  horse  power  was  developed  from  1.35  Lbs. 
of  coals  per  hour,  and  that  the  efficiency  of  the  pump  was  80  % ,  so  thai 
there  was  only  a  consumption  of  1. 70  lbs.  of  coal  per  actual  horse  power 
per  hour.  These  pumping  engines  gave  a  duty  on  these  tests,  of 
122  000  000  foot-pounds  per  100  lbs.  of  coal.  Even  with  low  lifts  the 
use  of  pumps  maybe  very  economical;  for  instance,  at  Milwaukee,  they 
use  centrifugal  pumps  with  a  lift  of  about  15  ft.,  and  get  in  their  or- 
dinary work  a  duty  of  58  000  000  and  have  obtained  from  tests 
65  000  000  to  68  000  000. 

Mr.  Broughton  also  speaks  of  the  necessity  of  having  a  reservoir, 
which  he  considers  an  unsanitary  feature.     In  the  Boston  system  there 
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is  no  reservoir  to  pump  from  with  the  exception  of  pump  wells  of 
limited  capacity  and  the  main  sewer.  Several  years  ago  when  I  had 
immediate  charge  of  the  works,  it  was  the  custom  to  let  the  sewer  fill 
two-thirds  full  in  the  afternoon  in  order  to  furnish  sufficient  sewage  to 
pump  during  the  night,  but  at  the  present  time  the  night  flow  is  so 
large  that  there  would  be  no  difficulty  in  pumping  the  sewage  as  it 
comes  without  any  considerable  fluctuation. 

I  will  say  in  conclusion,  that  I  was  very  glad  to  hear  Mr.  Brough- 
ton's  views  as  to  the  general  applicability  of  the  Shone  system,  and,  as 
I  understand  his  statement,  he  would  use  it  in  a  majority  of  cases  in 
preference  to  the  more  common  method  of  piirnping  by  steam. 

Mr.  Bkoughton. — It  was  my  intention  to  convey  the  idea  that  it 
was  necessary  to  have  a  reservoir  to  allow  the  sewage  to  collect  in  the 
neighborhood  of  the  sewer  when  ordinary  steam  jnxmps  were  employed 
or  else  use  the  main  sewer  as  a  reservoir.  Notwithstanding  that  steam  is 
used  to  generate  compressed  air  I  claim  that  it  is  economical  for  low  lifts 
to  raise  sewage  by  confessed  air.  I  am  very  glad  to  hear  your  remarks 
to-night  because  I  have  tried  in  various  parts  of  the  world  to  get  reliable 
results  of  over  50  %  efficiency  with  ordinary  steam  sewage  pumps,  and  I 
am  interested  to  hear  that  the  Boston  pumps  will  give  an  efficiency  of 
80,%"  because  I  did  not  think  such  a  thing  was  possible  when  pumping 
ixnscreened  sewage.  I  know  of  some  very  large  pumps  that  pump 
sewage  with  a  loss  in  slip  alone  of  22  %;  they  pump  sewage  that  is 
very  roughly  screened.  Eighty  per  cent,  is  not  a  bad  efficiency  for 
pumping  water;  of  course,  I  know  that  one  can  get  higher.  In  pump- 
ing by  means  of  compressed  air  it  is  possible  with  a  lift  of  20  ft.  to  get  a 
duty  of  79  200  000  lbs.  I  wish  to  be  put  on  record  that  I  do  contend 
that  for  low  lifts  you  can  p*ump  unscreened  sewage  with  compressed 
air  as  economically  as  you  can  with  steam,  the  loss  in  producing  air  at 
low  pressures  being  very  slight.  You  must  admit  that  even  at  Boston 
stoppage  in  pumping  takes  place;  the  sewage  is  not  got  rid  of  as  fast 
as  it  is  produced;  that  is  more  or  less  detrimental  according  to  what 
impounding  there  is.  In  some  places  everything  can  be  brought  to  one 
point  where  no  big  sewers  are  required,  and  then  it  becomes  a  question 
to  an  engineer  whether  he  will  use  direct  acting  pumps  or  compressed 
air.  The  best  application  of  the  Shone  system  is  where  you  use  power 
at  several  points  where  the  saving  is  in  the  depth  of  cutting  and  in 
the  size  of  the  pipes.     Other  things  being  equal,  a  system  is  the  bet- 
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ter  the  smaller  the  pipes  are,  provided  they  are  large  enough  to  take 
the  sewage. 

In  regard  to  Mr.  Skinner's  remarks,  I  am  perfectly  well  acquainted 
with  snch  devices  as  he  speaks  of;  my  experience  has  been  that  they 
get  out  of  order  very  easily.  I  do  not  say  it  is  impossible  to  apply 
snch  devices  to  large  pumps  pumping  several  million  gallons  per  day, 
but  they  have  not  been  so  far,  I  believe. 

Rudolph  Heeing,  M.  Am.  Soc.  C.  E. — What  is  commonly  known  as 
the  Shone  system  of  sewerage  is  nothing  more  or  less  than  the  appli- 
cation of  a  certain  mechanical  contrivance  for  lifting  liquids.  The 
merits  of  this  system,  it  seems  to  me,  should  therefore  be  discussed  in 
comparison  merely  with  other  means  of  lifting  sewage,  and  with  what- 
ever incidental  effects  such  lifting  may  produce.  I  notice  that  many 
advantages  which  are  claimed  by  the  author  of  the  paper  must  be 
equally  credited  to  other  sewerage  systems.  They  should  therefore  be 
eliminated  from  the  present  discussion. 

My  first  acquaintance  with  the  Shone  ejector  was  in  the  summer  of 
1880  when  I  examined  one  in  Wrexham,  England,  and  saw  its  working. 
I  was  then  impressed  with  certain  advantages  of  this  appliance  that 
seemed  to  me  unquestionable,  and  I  so  reported  at  the  time-*  Since 
then  I  have  been  observing  its  further  introduction  and  the  reports  on 
both  sides  which  have  been  made  regarding  it.  In  view  of  a  possible  ap- 
plication of  the  same  in  another  locality,  I  was  recently  again  obliged 
to  examine  a  number  of  ejectors,  built  for  the  sewerage  of  the  World's 
Fair  grounds  in  Chicago.  I  may  briefly  sum  up  the  impressions  which 
I  have  gained  and  the  conclusions  at  which  I  have  arrived  at  the  pres- 
ent time  regarding  the  use  of  the  Shone  ejectors,  as  follows. 

One  advantage  of  the  ejector  over  a  reciprocating  pump  is  its 
greater  simplicity.  It  has  fewer  parts  ;  it  requires  no  finished  sur- 
faces nor  carefully  constructed  valves  which  are  exposed  to  consider- 
able wear.  Nor  does  it  require  screens  or  sludge  pits,  but  will  allow 
the  ordinary  rubbish  which  enters  a  sewer  to  be  lifted  with  the  same 
ease  with  Avhich  it  will  lift  the  water.  As  compared  with  centrifugal 
pumps,  the  ejector  will  operate  with  the  smallest  flow  of  sewage,  while 
the  former  requires  a  certain  minimum  amount,  which  is  usually  not 
small,  and,  to  be  of  the  greatest  advantage,  a  comparatively  uniform 
flow.  The  ejector  simply  varies  the  rate  of  its  pulsations  in  accordance 
witli  the  amount  of  sewage  delivered  to  it. 

*  See  Report  of  the  Natioual  Board  of  Health,  1881. 
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From  what  I  have  seen  and  heard  and  can  judge,  the  sanitary 
efficiency  of  the  ejectors  is  quite  as  satisfactory  as  that  of  pumps.  In 
fact,  if  there  is  any  difference,  it  is  greater.  The  pulsating  flow  caused 
by  the  ejector  is  liable  to  keep  the  sewers  naturally  cleaner  than  the 
more  uniform  flow  of  the  same  amount  of  sewage,  which  is  the  con- 
dition where  the  common  method  of  sewage  pumping  is  resorted  to. 

Other  advantages  may  be  mentioned  to  be  the  facility  with  which 
small  districts,  requiring  the  pumping  of  sewage,  can  be  added  to  the 
general  system,  because  no  constant  attendance  would  be  required 
other  than  that  in  the  central  puraping  station.  It  is  further  claimed, 
and  I  think  the  advantage  is  worth  mentioning,  that  the  flushing  water 
required  to  keep  the  system  of  sewerage  clean  is  reduced  by  the  Shone 
method  of  pumping. 

The  main  advantage,  however,  from  a  financial  point  of  view,  is  the 
fact  that  deep  excavations  can  be  entirely  avoided  by  the  use  of  these 
ejectors.  Where  deep  excavations  are  expensive,  from  the  fact  that 
they  would  require  tunneling,  or  deep  sheeting  in  water-bearing  soil  or 
quicksand,  or  in  other  treacherous  ground,  it  may  be  less  expensive  to 
pump  the  sewage  by  ejectors  at  one  or  several  points  along  such  a  line 
than  by  making  the  excavations  or  tunnels. 

In  criticising  this  system  of  pumping  a  great  many  objections  to  it 
have  been  made,  but  only  the  following,  I  think,  are  worthy  of  serious 
consideration. 

What  has  been  said  about  insufficient  ventilation  is  hardly  worth 
mentioning,  because  it  is  just  as  practicable  to  accomplish  it  in  the 
same  way  as  in  any  other  system.  If  there  is  a  difference,  I  think  it  is 
rather  in  favor  of  the  ejectors,  because  the  liberated  compressed  air 
introduced  by  them  into  the  sewers  somewhat  aids  the  circulation  and 
exchange  of  air. 

If  we  consider  the  ejector  as  an  automatic  machine  which  will  run 
itself  for  an  indefinite  time  without  attention,  we  may  say  that  in  com- 
parison with  other  pumping  machinery,  which  is  under  constant  super- 
vision, it  has  the  disadvantage  of  possessing  movable  parts  which  are 
liable  to  get  out  of  order  and  thus  prevent  it  from  acting.  The  gradual 
loss  of  oil  in  such  parts,  or  its  gumming  in  extremely  cold  weather,  are 
undoubted  disadvantages,  if  we  expect  the  machine  to  be  automatic. 

A  serious  disadvantage  of  the  ejector,  however,  is  that,  should  it 
become  inoperative  at  any  one  of  the  stations,  either  by  a  break  in  the 
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air  pipe  supplying  it  with  power,  or  by  a  mishap  to  the  ejector  itself 
(remote  but  possible  contingencies),  there  would  be  no  outlet  for  the 
sewage  of  that  district  and  it  would  rise  until  it  could  obtain  one, 
either  into  an  over-flow  sewer,  if  such  were  practicable,  or  into  cellars, 
or  finally  upon  the  surface  of  the  street.  On  the  other  hand,  to  pro- 
vide for  mishaps  in  a  central  primping  station  there  always  is,  or 
should  be,  a  duplicate  pump  equal  in  capacity  to  the  largest  at  the 
station,  and  there  are  persons  present  continuously,  to  give  warning 
or  at  once  to  repair  the  damage.  I  think  this  disadvantage  should  be 
considered  to  increase  with  the  area  of  the  district  and  the  number  of 
ejectors. 

The  greatest  disadvantage,  however,  which  in  my  opinion  prevents 
an  extensive  introduction  of  the  Shone  ejectors  for  the  purpose  of  lift- 
ing sewage  in  cities,  is  the  greater  cost  of  the  same  under  the  usual 
conditions  presented.  It  consists  partly  in  the  cost  of  the  ejectors, 
partly  in  the  cost  of  the  special  pipe  conveying  the  compressed  air  to 
them,  and  partly  to  the  loss  of  power  due  to  its  transmission  to  a  dis- 
tance before  it  is  used,  instead  of  being  applied  directly  to  lifting  the 
sewage,  as  in  reciprocating  and  centrifugal  pumps.  I  have  seen  a 
statement  that  official  tests  in  Eangoon,  India,  showed  67.4%  of  the 
engine  power  to  be  wasted  in  the  Shone  system.  I  do  not  wish  to  con- 
sider this  as  a  fair  result  by  which  the  loss  of  power  by  the  ejector 
system  is  to  be  judged.  But  it  cannot  be  questioned  that  the  loss  will 
be  greater  by  the  intermediate  use  of  compressed  air  than  where 
steam  is  applied  directly  to  the  pumps. 

We  should  likewise  consider  the  fact,  in  judging  of  the  availability 
of  this  system,  that  the  reported  success  from  other  countries  does 
not  necessarily  mean  a  success  in  our  own,  even  if  the  physical  condi- 
tions are  the  same.  We  should  not  forget  to  take  into  account  the 
different  ways  in  which,  as  a  rule,  our  municipal,  and  particularly  our 
sewerage  works,  are  managed.  As  we  generally  devote  much  less  t  ime 
and  labor  per  mile  to  maintaining  such  systems  than,  for  instance 
they  do  in  Europe  (somewhat  to  our  discredit),  we  should  endeavor 
to  recommend  to  cities  the  simplest  system  for  the  purpose  of  suc- 
cessful management. 

In  conclusion,  it  may  be  said  that  in  considering  the  Shone  ejectors 
as  a  means  of  pumping  we  should  be  governed  mainly  by  the  cost.  If 
the  cost  is  less  I  should  not  myself  hesitate  to  recommend  them,  and 
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feel  that  under  careful  management  they  will  give  entire  satisfaction. 
When  the  cost,  as  compared  with  other  methods  of  pumping  sewage, 
is  about  equal,  the  decision  should,  I  think,  be  rendered  mainly  on 
the  basis  of  the  comparative  simplicity  and  reliability  in  the  working 
of  the  respective  methods  of  lifting  which  are  available  for  the  partic- 
ular case.  It  seems  to  me  that  the  application  of  these  ejectors  for 
lifting  sewage  or  water  from  the  cellars  of  our  modern  large  buildings 
will  be  the  most  successful  field  in  which  they  can  be  employed. 
Further,  when  the  ejectors  can  be  of  easy  access  from  a  central  station 
in  cities  or  parts  of  cities,  and  when  a  system  of  rigid  inspection  can 
be  enforced,  I  think  their  application  will  likewise  be  successful,  when 
less  expensive  than  other  methods  of  pumping. 

The  present  extensive  application  of  the  Shone  ejectors  on  the 
World's  Fair  Grounds  should  give  us  sufficient  experience  in  this 
country  to  judge  of  the  merits  and  demerits  of  this  ingenious  con- 
trivance in  its  application  to  extensive  areas.  I  trust  that  we  may  be 
able  to  obtain  in  due  time  from  the  engineers  in  charge,  a  detailed 
record  and  account  of  the  operation  of  the  ejectors  from  the  time  they 
were  placed  in  position  to  that  of  the  closing  of  the  Fair. 

Mr.  Beoughton. — It  has  been  a  satisfaction  to  me  to  hear  the  remarks 
of  Mr.  Rudolph  Hering  upon  the  Shone  system.  Comparing  this 
system  with  other  methods  of  pumping  sewage,  he  alludes  to  nine 
points  and  gives  the  advantage  to  the  Shone  ejector  in  six  of  these. 
With  regard  to  the  disadvantages,  in  his  opinion,  I  would  like  to  make 
a  few  remarks. 

I  take  exception  to  his  statement  "  that  the  Shone  system  of  sewer- 
age is  nothing  more  nor  less  than  the  application  of  a  certain  mechanical 
contrivance  for  lifting  sewage."  The  manner  in  which  the  mechanical 
contrivances  in  the  Shone  system  can  be  used  permit  of  many  import- 
ant features  in  the  sewers  themselves  being  obtained,  which  are  im- 
practicable upon  the  central  pumping  station  plan.  Take,  for  example, 
a  practically  flat  city  where  the  sewage  has  to  be  pumped;  in  such  a 
case  to  collect  the  sewage  at  one  central  pumping  station  by  means  of 
sewers  laid  at  good  grades  might  not  be  feasible  at  all,  and  in  any  case 
would  entail  large  sewers  and  deep  excavations.  On  the  other  hand  it 
would  be  a  simple  matter  to  lay  small  and  comparatively  shallow 
sewers,  converging  to  several  ejector  stations,  which  can  be  operated 
from  one  power  station.     The  same  results,  as  far  as  the  sewers  are 
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concerned,  could  be  obtained  by  having  several  independent  pumping 
stations,  each  with  its  own  staff  of  attendants;  but  that,  I  think,  may 
be  called  impracticable. 

The  ejectors  are,  or  should  be,  placed  in  duplicate  at  each  station, 
and  in  the  event  of  failure  on  the  part  of  one  ejector,  the  second  comes 
into  play  automatically;  so  in  that  respect  the  duplicate  ejector  has  a 
slight  advantage  over  the  duplicate  pump  at  the  central  station. 

A  break  in  an  air  pipe  is  a  possibility,  but  a  remote  contingency, 
and  such  a  break  would  instantly  be  discovered  and  easily  rectified. 
In  my  opinion  there  is  no  more  probability  of  an  air  pipe  breaking  than 
there  is  of  the  main  sewer  leading  to  a  central  pumping  station  failing, 
and  in  tbe  latter  case  the  effect  would  be  more  disastrous. 

The  ejector  is  an  automatic  machine,  but  that  does  not  imply  that 
it  should  not  receive  any  attention.  Some  ejectors  (working  under- 
neath streets)  that  are  at  present  under  my  supervision  are  inspected 
once  a  week,  and  even  with  a  temperature  for  weeks  varying  between 
freezing  point  and  15-  below  zero,  there  has  been  no  gumming  in  the 
working  parts. 

In  Mr.  Hering's  opinion  the  greatest  disadvantage  in  the  Shone 
system  is  the  greater  cost  of  the  system  under  the  usual  conditions 
presented.  I  contend  that  the  cost  of  the  Shone  system  is  generally 
less  than  any  other  system  where  punrping  has  to  be  resorted  to,  and 
my  contention  is  based  upon  the  actual  cost  of  works  executed,  and 
upon  comparative  estimates  made  for  projects  upon  the  Shone  system, 
and  upon  the  central  pumping  station  plan,  under  the  same  conditions. 

Upon  the  Shone  system,  ejectors  and  air  pipes  may  be  considered 
extra  requirements,  as  may  be  reservoirs  or  large  main  sewers,  screens 
and  sludge  pits  on  the  central  pumping  station  plan.  The  items, 
however,  which  more  than  any  other  govern  the  cost  of  a  sewerage 
system  are  the  depths  of  the  excavations  and  the  sizes  of  the  sewers, 
and  these  need  never  be  excessive  on  the  Shone  system,  while  they  are 
often  so,  of  necessity,  in  conducting  the  sewage  of  a  city  to  one  point. 
The  saving  in  these  items  alone  frequently  more  than  pays  for  the 
ejectors  and  air  pipes. 

With  regard  to  the  loss  of  power  due  to  transmission  of  air  to  dis- 
tances, there  is  practically  none.  By  using  air  pipes  of  moderate 
diameter  only,  the  velocity  of  the  air  can  be  so  adjusted  that  the  loss 
by  friction  in  transmission  is  only  1%  of  the  absolute  initial  pressure 
per  1  000  ft.  of  pipe. 


DISCUSSION"    ON    SHONE    HYDKO-PNEUMATIC    SYSTEM.  75- 

With  regard  to  the  efficiency  of  the  Shone  system  at  Rangoon, 
there  are  25  ejector  stations  and  7  miles  of  air  pipes,  and  the  tests 
made  showed  an  efficiency  of  33%  with  expenditure  of  -/7  lbs.  of  coal 
per  I.  H.  P.  per  hour.  This  is  an  efficiency  practically  unattainable 
with  the  best  steani-punrping  installations  if  placed  at  the  sites  of  the 
ejectors  and  doing  similar  work.  Moreover,  the  tests  were  made  early 
in  1891  when  but  few  connections  had  been  made  with  the  sewers,  and 
the  engineers  who  conducted  the  tests  state  in  their  report  : 

"  The  power  required  for  the  ejection  of  the  present  quantity  of 
sewage  is  so  far  below  the  capacity  of  a  single  engine  and  boiler  that 
the  efficiency  cannot  be  otherwise  than  low  as  compared  with  what 
may  be  expected  when  greatly  increased  quantities  have  to  be  dealt 
with." 

Referring  further  to  the  remarks  of  Mr.  Stearns,  I  would  say  that 
the  efficiency  of  48.9%  obtained  by  Professor  Unwin  is  the  relation 
between  the  I.  H.  P.  of  the  compressing  engine  and  the  work  done  in 
lifting  the  sewage,  and  is  the  combined  efficiencies  of  the  compressing 
engines,  the  air  mains,  and  the  ejectors. 

I  have,  through  the  courtesy  of  Mr.  Stearns,  had  an  opportunity  of 
reading  a  description  of  the  Boston  sewage  pumping  plant,  and  the 
results  of  some  duty  tests  conducted  under  the  direction  of  the  City 
Engineer. 

It  is  stated  in  the  description  of  the  plant  : 

"  On  reaching  the  pumping  station  at  the  sea  coast  the  sewage  first 
passes  through  what  is  called  the  filth  hoist.  This  is  a  subterranean 
structure  containing  five  chambers,  in  four  of  which  cages  or  screens 
are  hung  so  as  to  be  raised  and  lowered  by  steani^ower. " 

The  results  obtained  at  Boston  do  not  prove  anything  against  my 
statement  that  I  do  not  think  it  possible  to  get  an  efficiency  of  over 
50/o  with  steam  pumps  pumping  unscreened  sewage,  in  the  way  the 
ejectors  do. 
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KOAD    CONSTRUCTION.— DISCUSSION   ON   PAPER 

No.  565.* 


By  Edward  Pkince,  E.  W.  Howe,  William  H.  Grant,  Foster  Crowell, 
Latham  Anderson,  W.  C.  Oastler,  P.  Callanan,  Edwin  Mitchell, 
Samuel  L.  Cooper,  E.  E.  E.  Tratman,  H.  M.  Wilson,  W.  S.  Bacot, 
O.  Saabye,  J.  F.  O'Rotjrke,  Cal\tn  Tomkxns,  James  Hall,  E.  P. 
North  and  James  Owen. 


Edward  Prince,  M.  Am.  Soc.  C.  E. — While  there  are  many  things 
in  the  paper  by  James  Owen,  M.  Am.  Soc.  C.  E.,  on  the  "Contro- 
verted Questions  in  Road  Construction,"  which  are  no  doubt  entirely 
correct,  there  are  some  things  with  which  I  cannot  agree.  In  what  prac- 
tice and  observation  I  have  had,  a  15-ton  or  20-ton  steam-roller  for  the 
sub-grade,  the  foundation  and  the  top-dressing,  by  far  surpasses  in  effici- 
ency any,  say,  5-ton  horse-roller.  The  x>ressure  of  the  steam-roller  per 
inch  run  is  so  much  greater  that  on  the  sub-grade,  weak  spots  are  found 
and  consohdated  which  would  not  be  found  at  all  with  a  horse-roller. 

*  "The  Controverted  Questions  in  Road  Construction,"  by  James  Owen,  M.  Am.  Soc. 
C.  E.,  Vol.  XXVII,  page  003. 
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On  the  subsequent  courses,  that  the  best  work  is  clone  with  the  steam- 
roller is  evident  from  the  fact  that  in  all  large  cities  of  the  world,  of 
which  I  have  any  knowledge,  where  a  foundation  is  to  be  prepared  in 
the  usual  way  for  an  asphalt  or  a  block  pavement,  the  steam-roller  is 
used  and  thought  to  be  almost  indisjjensable.  The  testimony  of  the 
best  and  of  most  of  the  engineers  of  the.  world,  as  well  as  the  great  and 
increasing  manufacture  and  sale  of  steam-rollers,  is  more  convincing 
than  anything  else. 

In  regard  to  repairs,  Mr.  Owen  seems  to  have  discarded  the  idea 
that  a  "stitch  in  time  saves  nine,"  and  ridicules  the  "tradition  of 
other  climes."  Although  it  is  perhaps  unfair  to  compare  the  methods 
of  constant  repair  on  a  railroad  with  its  skilled  section  men  and  careful 
watchfulness  and  repair  of  a  country  or  city  road  by  a  small  gang  of 
men  who  know  what,  when,  and  how  to  do  ;  yet  the  two  cases  are  alike 
in  this — that  in  either  case  the  efficiency  of  a  considerable  length  of 
line  is  very  inuch  lessened  by  a  very  few  serious  defects  along  that  line; 
alike  in  the  fact  that  no  wagon  road  or  railroad  track  of  any  consid- 
erable length  ever  existed  which  would  wear  out,  evenly  or  "uni- 
formly," its  entire  length,  or  for  any  considerable  portion  of  its  length, 
so  that  it  would  be  economy  to  omit  repairs  or  "patching"  until  it 
became  necessary  to  make  a  new  road  or  roadbed.  Storms,  frost, 
thaws,  settlements,  holes  or  sinkings  visit  wagon-roads  and  railroads, 
and  generally  immediate  attention  proves  a  matter  of  the  greatest 
economy.  I  have  never  seen  in  any  clime  a  gang  of  men  whose 
sole  duty  it  was  to  repair,  and  thought  them  out  of  place.  I  have 
always  regarded  the  existence  of  these  gangs  as  evidence  of  the  thrift, 
prosperity  and  good  business  economy  of  those  who  hired  them. 

This  remark  applies  to  wagon-roads,  streets,  railroads,  water  works, 
gas  works,  levees  and  every  other  work  with  which  the  great  public  has 
to  do.  Of  course,  it  goes  without  saying,  that  if  it  is  proper  and  wise 
to  have  men  to  repair  anything,  they  should  have  something  to  repair 
with.  From  this  follows  the  wisdom  and  propriety  of  "  piles  of  stone 
on  the  highway  convenient,"  so  that  the  repairers  would  not  have  to 
obtain  the  material  for  repair  at  a  time  when  it  would  be  very  difficult 
to  obtain  it,  and  haul  it  when  obtained  over  roads  rendered  impassalilc 
by  the  elements. 

It  seems  to  me  somewhat  improper  to  ridicule  the  methods  adopted 
by  the    ablest   engineers  of    other   climes,  notably  those   of    France 
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{Ponts  et  Ghaussees)  and  Germany,  by  calling  these  methods  and 
their  literature  on  the  subject  "tradition,"  while  our  roads  in  this 
country  are  generally  no  more  to  be  compared  with  their  roads  than  is 
the  road  which  the  Arkansas  traveler  found,  to  be  likened  to  Pennsyl- 
vania Avenue,  Washington  City.  What  Mr.  Owen  says  in  another 
place  about  repairs  can  be  fully  endorsed.  He  says,  "As  the  construc- 
tion of  a  road  is  incidental,  and  the  repair  is  perennial."  I  cannot 
conceive  of  a  word  which  could  be  used  and  which  would  more  clearly 
express  what  has  to  be  done  to  a  road  to  keep  it  in  condition. 

"1 — Lasting  or  continuing,  Avithout  cessation,  through  the  year." 

"  2 — Perpetual,  unceasing,  never  failing" — (Webster). 

This  seems  to  coincide  with,  and  properly  expresses,  the  practice  in 
those  countries  where  they  have  good  roads. 

In  regard  to  packing,  the  best  material  I  have  ever  used  has  been 
clean,  sharj)  sand,  well  worked  into  the  interstices  with  the  hose.  This 
is  not  always  obtainable,  and  when  it  is,  water  is  not  always  con- 
venient ;  but  the  rains  and  heavy  rolling  will  finally  make  sand  and 
broken  stone  very  compact  and  homogeneous.  When  sand  cannot  be 
obtained,  it  is  likely  that  the  next  best  thing  is  any  fine  road  material 
which  will  not  decompose  or  readily  wash  away. 

In  regard  to  wagon  wheels  making  a  road,  it  has  been  my  observa- 
tion that,  except  at  road  crossings,  wagon  wheels  with  the  usual  nar- 
row tires  do  more  damage  to  roads  than  anything  else. 

Every  wagon  driver  seeks  to  drive  on  the  smoothest  place,  and  the 
result  ordinarily  is  that  a  depression  or  rut  is  formed  along  the  line  of 
the  travel  of  the  wheels.  The  wagons  of  a  locality  are  usually  of  the 
same  gauge,  and  this  helps  to  form  ruts. 

This  uniformity  of  wheel  gauge  and  usual  narrowness  of  tire  width 
is  disastrous  to  roads. 

Broad  Tires. — It  is  perhaps  only  necessary  to  allude  to  the  fact  that 
the  history  of  the  wheels  of  vehicles  is  a  very  interesting  one,  and  that 
vehicles  have  been  in  use  a  long  time. 

This  use  has  become  so  great  in  modern  times  that  in  pleasure 
vehicles  alone  there  are  now  names  for  about  forty  different  kinds. 
Anciently,  the  wheels  were  wide,  made  of  wood,  strong  and  clumsy. 
With  the  introduction  of  iron  and  steel  the  wheels  were  made  much 
lighter  and  much  stronger,  and  to-day  a  steel-tired  wheel,  with  its  hub 
and  spokes,  is  what  might  truthfully  be  called  a  beautiful  and  wonder- 
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fully  well-executed  work  of  the  highest  kind  of  talent  and  skill  of  the 
mechanic's  art. 

Americans  are  justly  very  proud  of  their  success  in  this  direction 
and  have  certainly  combined  in  a  remarkable  degree  beauty  with 
strength,  compactness  with  comfort,  and  stiffness  with  safety.  The 
improvements  in  these  directions  have  led  to  the  narrowing  of  felloe 
and  tire  width,  in  what  may  be  called  traffic  road  wagons.  So  that, 
while  in  olden  times  such  width  ranged  from  3  to  10  ins.,  now  in  the 
United  States  (with  very  few  exceptions)  wagon  tires  are  only  2  to  2£ 
ins.  in  width. 

It  is  very  likely  the  modern  cheapness  of  iron  and  steel  and  im- 
provements made  in  the  manufacture  of  the  same  have  had  something 
to  do  with  it.  Now  a  set  of  tires  costs  a  nominal  sum  as  compared  with 
former  prices. 

The  tires  of  most  sjjringless  traffic  vehicles  are  now  so  narrow  in 
this  country  generally,  and  the  loads  which  they  can  and  do  carry  are 
so  great  that  the  absolute  and  speedy  destruction  of  the  highway  fol- 
lows. A  four-wheeled  wagon  with  a  load  on  each  wheel  of  1  ton 
(2  240  lbs.)  has  a  pressure  per  inch  run  of  1  120  lbs.  This  is  in  excess 
of  the  usual  pressure  of  a  steam-roller. 

The  wheels  of  wagons  in  this  country  being  purposely  made  to 
the  same  gauge  for  a  large  extent  of  territory,  the  result  is  that  the 
wheels  will  generally  follow  one  another  and  wear  out  and  break 
through  almost  any  constructed  road  or  pavement,  because  the  pressure 
and  wear  is  not  spread  over  a  larger  surface.  It  is  absurd  to  suppose 
that  the  driver  will  seek  in  any  way  to  improve  the  road;  he  seems  to 
think  that  his  mission  is  to  destroy  the  road,  and  he  deliberately  pro- 
ceeds to  do  it. 

Only  the  positive  fear  of  going  clear  through,  breaking  a  wheel  or 
sticking,  will  induce  a  driver  to  pull  out  of  a  rut  in  a  road,  which  rut 
he  and  his  fellows  have  succeeded  in  making  after  an  effort  of  several 
weeks  with  the  assistance  of  the  weather.  It  is  astonishing  that  while 
there  is  so  much  literature  on  the  subject  of  roads  and  road  construc- 
tion, very  few  of  the  writers  on  roads  have  anything  at  all  to  say  about 
the  narrow  tires  which  destroy  them.  If  I  were  to  start  out  on  a  road 
with  a  pick  and  a  shovel  and  tear  up  a  road  in  a  few  places,  I  would 
be  arrested  and  punished;  but  another  man  can  start  out  with  an  over- 
loaded knife-tired  wagon  attached  to  six  horses,  in  weather  just  suited 
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to  his  destructive  mission,  and  he  will  do  ten  times  as  much  injury  to 
the  same  road  as  I  did,  and  the  community  is  in  full  sympathy  with 
him.  This  same  road  fiend  will  keep  out  of  his  fields  with  his  knife- 
edged  wheels  in  such  weather  because  that  would  cost  him  money,  but 
the  destruction  of  the  highway  costs  him  nothing  directly. 

It  is  now  proposed  to  spend,  say,  two  or  three  hundred  millions  of 
dollars  in  this  country  to  make  good  roads.  It  would  seem  that  the 
object  sought  is  so  desirable  that  good  roads  would  be  cheap  at  double 
that  figure.  But  while  we  are  doing  this,  shall  we  have  no  thought 
towards  keeping  these  roads  good  ?  No  law  against  the  arch-destroyer 
of  these  roads  and  pavements — narrow  tires  ? 

Every  argument  in  favor  of  good  roads  is  an  argument  in  favor  of 
keeping  them  so.  If  this  is  true,  it  would  be  the  part  of  wisdom  to 
prevent  as  far  as  possible  improper  uses  which  destroy  roads.  Assum- 
ing that  narrow  tires  are  injurious  to  roads  and  streets,  and  that  it  is 
desirable  to  require  the  use  of  broad  tires  as  in  other  countries,  there 
are  two  questions  remaining:  First,  how  wide  should  the  tire  be? 
Second,  what  kind  of  legislation  is  needed  ?  It  is  generally,  if  not 
universally  admitted,  that  a  2|-in.  tire  wears  twice  as  much  as  a  4-in. 
tire.  That  on  a  paved  street  or  hard  Macadam  road  the  resistance 
(traction)  is  independent  of  the  width  of  the  tire,  when  this  quantity 
exceeds,  say,  4  ins. ;  that  when  the  tire  is  between  2  and  4  ins.  for  heavy 
loads  and  low  speeds,  the  broader  tire  will  have  proportionately  less 
resistance.  Telford's  rule  was  1  in.  of  tire  for  every  500  lbs.  weight  on 
the  wheel.  A  less  width  of  tire  is  allowable  for  vehicles  with  springs 
than  for  those  without. 

Mr.  Potter  in  "  Good  Roads  "  recommends  the  following  table: 


Load  on  each  Wheel. 

Wagon  without  Springs. 

Wagon  with  Springs. 

1  000  to  1  500  lbs 

4  ins. 

5  " 

6  " 

2J  ins. 

1  500  to  2  000  lbs 

2  000  to  3  000  lbs 

■t      •' 

Owing  to  the  difficulty  in  getting  at  the  weight  of  loads,  it  would 
probably  be  better  to  make  the  minimum  width  of  tire  allowable  on 
traffic  wagons  (to  be  used  on  public  roads  or  streets)  4  ins.  Then 
make  a  scale  of  tire-widths  from  4  ins.  upwards,  based  on  the  strength 
and  capacity  of  the  vehicle  to  haul  a  load  on  as  smooth  a  road  as 
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asphalt ;  in  all  cases,  however,  allowing  a  little  less  width  of  tire, 
say,  J  in.,  on  vehicles  with  springs. 

Wagons  with  strength  and  capacity  to  haul  a  steam  boiler,  or  cast- 
ing, weighing,  say,  10  tons,  should  have  a  tire-width  of  at  least  6  ins. 
It  would  also  be  well  to  require  all  traffic  vehicles  used  on  public  roads 
or  streets  to  have  the  forward  axle  shorter  than  the  hind  axle  by 
twice  the  width  of  the  tire  of  such  vehicle.  In  regard  to  legislation, 
there  is  not  much  precedent  in  this  country.  The  State  of  Michigan 
has  a  law  giving  rebate  of  one-half  the  road  tax  to  the  user  of  wide 
tires.  Springfield,  Illinois,  and  Davenport,  Iowa,  have  wide-tire 
ordinances. 

It  is  probable  that  each  State  should  frame  a  law  defining  the  width 
of  tires  and  trackage  of  wheels  to  be  used  on  all  public  streets  and 
roads  in  such  States.  It  would  be  very  desirable  (thoxtgh  not  at  all 
indispensable)  that  these  laws  should  be  alike,  and  this  could  only  be 
effected  by  a  general  convention  of  delegates  representing  all  the  States 
and  by  the  different  legislators  adopting,  as  far  as  possible,  the  final 
recommendations  of  the  national  convention. 

In  view  of  the  subject  of  broad  tires,  and  a  careful  examination  of 
the  literature  referred  to  below,  I  am  led  to  submit  in  conclusion:  that 
the  tires  of  traffic  vehicles  in  the  United  States  are  too  narrow;  that 
the  injury  which  such  tires  inflict  on  public  roads  and  streets  is  enor- 
mous and  outrageous;  that  immediate  legislation  should  be  had,  and 
laws  and  ordinances  made,  strong  enough  to  correct  the  evil  wrought 
by  thin  wheels;  that  it  will  be  a  very  difficult  and  expensive  under- 
taking to  construct  any  road  or  pavement  which  cannot  be  destroyed 
by  unlimited  loads  on  vehicles  with  the  narrowest  tires. 

That,  on  the  other  hand,  it  will  be  very  easy  to  construct  good 
roads  and  good  pavements  and  keep  them  in  repair  when  the  tires  of 
traffic  vehicles  are  so  constructed  as  to  become  preservers  instead  of 
destroyers  of  highways ;  that  as  a  matter  of  economy  in  the  expedition 
of  traffic  and  the  maintenance  of  highways  and  pavements,  the  regula- 
tion of  the  width  of  wheels  comes  first,  and  yet  goes  hand  in  hand  and 
shoulder  to  shoulder  with  the  laudable  effort  made  now  in  this  country 
to  improve  the  unnecessary,  unprofitable,  unwise,  and  deplorable  con- 
dition of  our  country  and  city  thoroughfares. 

It  is  a  shame  and  a  disgrace  that  while  the  people  of  the  United 
States  have  no  doubt  earned  a  reputation  as  among  the  very  first  in 
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most  of  those  things  which  constitute  the  highest  civilization,  they  are 
now  far  behind  almost  the  entire  civilized  world  in  the  matter  of  the 
expedition  of  vehicle  traffic. 

With  an  awakened  public  sentiment,  and  thorough  and  prompt  action 
in  the  above  direction,  we  may  soon  look  for,  and  reasonably  expect  an 
improvement  in  our  nation,  and  in  the  prosperity,  peace,  comfort, 
happiness  and  economies  of  all  its  people. 

E.  W.  Howe,  M.  Am.  Soc.  C.  E. — I  cannot  agree  with  Mr.  Owen  as 
to  the  desirability  of  patching.  It  certainly  is  desirable  to  build  a  road 
so  that  it  may  wear  down  uniformly,  and  the  whole  surface  come  to 
repair  at  once,  but  I  have  never  seen  such  a  road,  and  if  any  one  can 
build  one  he  must  be  a  lineal  descendant  of  the  deacon  made  famous 
by  Dr.  Holmes  who  built  his  vehicle — • 

"     ....     in  such  a  wonderful  way, 
That  it  run  just  a  hundred  years  to  a  day," 

and  then  went  to  pieces — 

"  All  at  once  and  nothing  first, 

Just  as  bubbles  do  when  they  burst." 

Even  if  a  road  could  be  built  so  as  to  be  equally  good  at  all  points,  the 
causes  of  its  destruction  will  vary;  changes  of  grade,  intersection  with 
other  roads  and  private  driveways,  greater  exposure  to  wind  and  sun 
in  some  places  than  in  others,  curves  where  travel  takes  the  inner  side, 
and  many  other  causes,  will  make  the  wear  uneven.  If  a  road  is  left 
until  the  whole  surface  needs  repairing,  some  portions  will  be  in  a  very 
bad  condition. 

On  the  Boston  Park  drives  the  "  stitch-in-time  "  method  which  Mr. 
Owen  deprecates  is  followed;  as  soon  as  a  spot  shows  signs  of  wear  it 
receives  attention,  and  the  repairs  consist  simply  of  spreading  a  few 

Note. — The  writer  begs  to  refer  those  who  desire  to  make  a  fuller 
examination  of  this  interesting  subject  to  the  following:  A  Circular 
"To  Those  Who  Love  Bhode  Island,"  Bowen  ct  Southwiek,  Jr. 
"A  Move  for  Better  Boads,"  compilation  by  Prof.  Lewis  M.  Haupt, 
Phil.,  page  210-240-288.  "Pavements  and  Boads,"  compilation  by  E. 
G.  Love,  and  reprinted  from  "  Engineering  and  Building  Becord," 
page  252,  279,  372  and  405.  "Pavement  and  Municipal  Engineering," 
Indianapolis,  Vol.  3,  No.  2,  page  40;  Vol.  3,  No.  4,  page  93,  125,  126; 
Vol.  3,  No.  7,  page  179.  "Good  Boads,"  journal  edited  bv  Isaac  B. 
Potter,  N.  Y.  City,  Vol.  1,  No.  5,  page  243;  Vol.  2,  No.  2,  page  90. 
"  Encyclopaedia  Brittanica,"  Vol.  xx,  page  584,  "Boads."  "  Spon's 
Dictionary  of  Engineering."  Boads,  page  277;").  "  Highway  Construc- 
tion," by  Austin  T.  Byrne,  C.  E.,  page  271-272. 
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coarse  screenings  (/'.  e.,  stone  which  has  passed  through  a  screen  of 
J-in.  mesh  and  been  retained  by  a  screen  of  J-in.  mesh)  over  the  spot. 
It  may  be  that  only  a  shovelful  is  used  in  one  place.  This  makes  so 
little  show  that  the  spot  is  not  avoided  by  those  driving,  and  in  two 
or  three  days  the  screenings  become  incorporated  with  the  surface  and 
all  evidence  of  their  use  or  of  the  previous  damage  disappears.  After 
severe  storms  and  in  the  early  spring  more  material  is  required  and 
larger  areas  have  to  be  covered,  but  the  covering  at  any  one  time  is  so 
light  that  a  few  days'  travel  works  it  down  to  a  smooth  surface.  Hol- 
lows in  the  surface  are  not  allowed  to  form. 

We  have  roads  that  have  been  in  use  for  nine  years  which  are  in  as 
perfect  condition  as  when  first  opened  to  travel,  and,  while  heavy 
teaming  by  the  public  is  excluded  from  park  drives,  those  first  built 
have  been  subject  to  a  great  deal  of  heavy  traffic  incidental  to  the  work 
of  park  construction,  and  the  pleasure-driving  has  been  very  large  in 
amount.  These  roads  have  never  had  a  pick  struck  into  them  nor  a 
roller,  either  horse  or  steam,  used  on  them  since  they  were  first  finished; 
nor  has  any  portion  of  them  been  closed  to  travel  a  single  hour  on  ac- 
count of  repairs.  It  should  be  said  that  these  roads  have  been  well 
sprinkled  and  kept  clean,  which,  of  course,  adds  greatly  to  their  dura- 
bility. The  cost  of  repairs,  not  including  sprinkling  and  cleaning,  has 
varied  from  1  to  1-fg  cents  per  square  yard  per  year.  This  would  un- 
doubtedly be  too  high  a  cost  to  be  practicable  for  country  roads;  but 
it  should  be  considered  that  our  standard  as  to  perfection  of  surface  is 
a  high  one  and  that  city  labor  is  the  most  expensive;  on  the  other  hand, 
on  the  country  roads  coarser  stone  could  be  used  for  repairs  which,  with 
the  cheaper  labor  and  teaming,  would  greatly  reduce  this  price.  I  have 
no  figures  giving  the  cost  of  resurfacing,  but  if  the  cost  per  square  yard 
of  picking  up  and  resurfacing  one  of  our  roads  (including  in  many 
cases  the  repaying  of  gutters  and  resetting  of  curbstone)  were  divided 
by  the  above-mentioned  cost  for  repairs,  I  am  sure  that  the  number  of 
years  represented  by  the  quotient  would  be  greatly  in  excess  of  the  life 
of  any  Telford  or  Macadam  road,  subject  to  the  same  traffic,  on  which 
nothing  had  been  expended  for  repairs. 

If  any  one  watches  the  process  of  the  deterioration  of  the  surface  of 
a  broad  Telford  or  Macadam  road,  such  as  would  be  built  in  the  city, 
he  will  not  find  that  the  destruction  is  due  to  the  formation  of  ruts,  but 
that  it  is  caused  by  the  formation  of  somewhat  circular  depressions; 
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these  depressions,  at  first  but  a  few  inches  across,  and  a  small  fraction 
of  an  inch  deep,  retain  the  water  left  by  the  sprinkler;  this  water  does 
not  have  time  to  soak  away  before  the  cart  comes  around  again;  the 
bottom  and  edges  of  the  depression  become  softened  by  the  water  and 
every  wheel  that  runs  across  it  enlarges  the  defect,  so  that  in  a  short 
time  a  hole  is  formed  that  requires  a  large  amount  of  material  to 
fill.  Screenings  in  such  a  cpiantity  will  not  pack  under  traffic,  and 
coarser  stone,  if  left  loose,  will  be  scattered  over  the  street  by  the 
wheels  and  the  horses'  feet.  The  only  remedy  is  to  pick  up  the  sur- 
face, add  new  material  and  thoroughly  ram  or  roll  it.  All  this  would 
have  been  saved  by  the  use  of  half  a  shovelful  of  screenings  when  the 
first  sign  of  wear  appeared. 

A  few  words  as  to  the  steam-roller.  I  think  with  Mr.  Owen  that  a 
better  bonding  of  the  stone  can  be  obtained  with  a  light  roller,  espe- 
cially with  the  sectional  grooved-roller,  but  the  trouble  is  the  time  and 
expense  required.  I  do  not  think  he  is  quite  fair  in  using  the  com- 
parison of  2  tons  100  times  as  against  20  tons  10  times.  My  experience 
is  that  the  steam-roller  travels  faster  than  the  horse-roller  and  does 
not  have  to  rest  so  often,  so  that  the  20  tons  should  be  taken  100  times 
in  his  comparison. 

Screenings. — As  before  stated,  I  find,  as  I  think,  good  use  for  screen- 
ings; but  the  economy  of  their  use  will  depend  upon  circumstances. 
Nothing,  it  seems  to  me,  can  be  better  for  finishing  the  surface  of  a 
road  than  the  screenings  from  the  stone  crusher;  but,  of  course,  it 
would  not  be  economy  to  grind  up  stone  into  screenings  alone.  In 
most  places,  however,  where  roads  are  being  built,  or  where  they  are 
being  repaired,  as  of  course  they  must  be,  either  by  patching  or  re- 
surfacing, stone  is  being  crushed  and  a  large  amount  of  screenings  is 
produced.  This  material,  it  seems  to  me,  is  too  valuable  to  be  thrown 
away.  Where  transportation  for  a  long  distance  enters  into  the  case, 
it  may  be  a  question  whether  a  material  cannot  be  obtained  nearer  by 
which  will  answer  nearly  as  well. 

The  matter  of  sprinkling  is,  I  think,  managed  very  badly  in  many 
cities.  This  is  frequently  let  out  by  contract  for  the  season,  and  the 
contractor's  interest  is  to  keep  the  dust  down  with  as  little  labor  as 
possible.  He  therefore  uses  a  sprinkler  with  large  holes,  so  that  he  can 
give  the  road  such  a  soaking  that  it  will  not  become  dry  for  several 
hours.     The  effect  is  very  much  the  same  as  would  be  that  of  hard 
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showers  occurring  two  or  three  times  a  day;  the  road  just  after  sprink- 
ling is  a  mass  of  mud,  the  covering  becomes  softened  and  loosened,  is 
picked  up  by  the  wheels  and  thrown  over  the  carriages  and  their  occu- 
pants, very  much  to  the  injury  both  of  them  and  the  road.  If  a  fine 
sprinkler  is  used  and  the  road  gone  over  frequently,  the  latter  can  be 
kept  as  smooth  as  a  floor,  and  there  will  be  no  mud.  The  cost  of 
sprinkling  will  undoubtedly  be  greater,  but  the  road  surface  will  be 
saved  and  a  large  reduction  made  in  the  cost  of  repairs. 

William  H.  Grant,  M.  Am.  Soc.  C.  E. — I  have  read  the  interesting 
paper  by  James  Owen,  M.  Am.  Soc.  C.  E.,  on  "The  Controverted 
Questions  in  Koad  Construction,"  and  the  discussions  upon  the  same, 
and  have  made  the  following  notes  thereon. 

The  paper  itself  is  a  valuable  contribution  on  the  road  question 
of  the  day  by  an  expert  road-maker  of  long  experience,  but  I  will 
only,  at  present,  refer  to  some  points  brought  out  by  the  discus- 
sion. I  notice,  first,  a  disparaging  criticism  of  the  Central  Park  roads 
by  Mr.  E.  P.  North  which  does  injustice  to  the  design,  construction 
and  maintenance  of  those  roads.  He  speaks  of  "an  unreasoning  ap- 
plication of  principles  of  construction,"  a  "  glaring  instance  "  of  which 
he  charges  upon  the  Park  roads. 

The  architects  of  the  Park,  he  says,  "had  apparently  read,  in  the 
books  attainable,  that  moisture  was  the  great  enemy  of  wheel  ways, " 
etc.,  and  the  consequence  was' a  system  of  roads  devoid  of  shade  and 
open  to  the  sunlight  to  counteract  the  difficulty.  This  indictment  is 
not  followed  by  proof  sufficient  to  establish  its  accuracy. 

I  believe  I  may  say  in  behalf  of  the  architects  that  the  planting 
of  the  Park  was  not  governed  by  any  considerations  of  either 
sunlight  or  shade  in  connection  with  the  roads.  The  roads  were 
for  pleasure  travel,  and  the  planting  in  their  vicinity  was  an  aesthetic 
matter,  designed  to  afford  agreeable  views  of  the  adjacent  landscape, 
broken,  as  far  as  practicable  with  good  taste,  by  groups  of  trees  here 
and  there.  It  would  have  been  shocking  to  pleasure-seekers,  had  it 
been  otherwise — a  bleak  track  through  a  vacant  desert  on  the  one  hand 
and  a  gloomy  chapparal  of  shade  on  the  other. 

While  absolving  the  architects  from  an  unkind  imputation,  I  trust 
I  may  be  pardoned  for  the  egotism  of  attempting  my  own  justification 
in  the  matter.  The  roads,  as  regards  mode  of  construction,  materials 
and  supervision,  were  mainly  left  to  me  as  superintending  engineer  of 
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the  Park,  under  the  approval  of  the  architect-in-chief  and  (after  his 
retirement)  by  that  of  Hon.  Andrew  H.  Green,  comptroller  of  the 
Park.  The  maintenance  of  the  roads  was  also  left  to  me  for  some 
time  after  the  completion  of  the  work.  I  think  I  may  claim  that  "  an 
increasing  application  of  the  principles  of  construction  "  did  not 
characterize  my  conduct  of  the  work.  This  could  easily  have  been 
ascertained  by  Mr.  North  if  he  had  availed  himself  of  the  opportunity 
of  studying  the  subject.  The  results  of  the  work  alone  ought  to  go 
far  to  exclude  a  charge  of  "glaring  defects  in  it."  It  is  no  distortion 
of  facts  to  say  that,  from  the  time  of  opening  the  roads  to  travel  to 
the  present  day,  through  an  interval  of  many  years,  they  have  been 
regarded  by  the  public  with  admiration,  have  received  many  encomi- 
ums and  have  been  found  worthy  of  imitation  by  engineers  in  many 
other  localities. 

If  better  roads  for  the  purpose  intended  have  been  made  they  have 
escaped  my  observation;  and  if  any  strictures  have  arisen  in  regard  to 
them,  those  of  Mr.  North  are  the  first  I  have  seen. 

"  The  great  enemy  of  wheel  ways — moisture  " — was  duly  considered, 
but  it  was  not  thought  necessary  to  resort  to  unbroken  sunlight  upon 
the  roads  to  counteract  it.  A  better  way  was  believed  to  be  good  con- 
struction, selection  and  judicious  manipulation  of  materials,  and  thor- 
ough drainage.  I  am  not  aware  of  any  fatal  mistake  in  this.  Is  there 
not  a  little  confusion  of  terms  as  to  this?  If  mere  moisture  is  such  a 
great  enemy,  why  complain  of  sunlight  ? 

Ordinarily  moisture  is  not  an  enemy,  but  a  necessity,  except  as  it 
aids  at  intervals  the  effects  of  frost.  Water  in  excess  is  an  enemy,  and 
great  pains  were  taken  to  deal  with  it  on  the  Park  roads  by  attention 
to  drainage.  The  consequence  was,  while  the  roads  were  under  my 
supervision,  that  after  each  passing  shower  the  water  soon  disappeared 
and  was  carried  off  in  the  drains,  leaving  the  road  surface,  in  a  few 
hours,  in  the  previous  condition  for  agreeable  travel.  I  will  remark 
in  regard  to  "the  reading  of  books,"  that  all  information  from  the 
works  of  practical  road-makers,  and  especially  those  of  England  and 
France,  was  availed  of;  and,  if  space  would  permit,  I  could  describe 
the  processes  of  investigation  that  were  entered  into,  the  passing  upon 
modes  and  materials,  the  acceptance  of  some  and  the  rejection  of 
others,  etc.,  etc.  I  can  only  refer  to  these  details,  which  are  accessible 
to  members  of  the  Society  who  take  an  interest  in  the  matter,  in  my 
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official  reports  to  the  Department  of  Parks  during  the  progress  of  the 
work,  and  also  in  the  later  publications  in  the  Journal  of  the  Franklin 
Institute. 

There  are  some  other  points  in  the  discussion  which  I  can  only 
notice  briefly. 

Differences  of  opinion  were  expressed  as  between  heavy  and  light 
rolling.  From  my  experience  I  must  give  my  vote  for  the  heavy 
roller  as  I  regard  the  use  of  such  a  roller  as  among  the  secrets  of  good 
road-making.  The  heavy  roller  used  in  Central  Park  weighed,  when 
loaded  to  its  maximum  capacity  (with  gravel  in  separate  compart- 
ments), about  12  tons.  The  use  of  this,  after  trial  of  lighter  ones,  made 
clearly  the  best  roads.  This  was  demonstrated  on  one  section  of  road 
in  particular,  which  was  carefully  observed  and  on  which  the  weaving 
surface  remained  intact  much  longer  than  it  did  on  a  similar  surface 
not  so  thoroughly  treated.  At  the  same  time  it  may  be  expedient,  in 
some  cases,  with  fresh  materials  to  use  at  first  a  light  roller.  I  do  not 
dispute  the  evidence  of  others  that  light  rollers  may  produce  good 
results  by  long-continued  use. 

As  regards  the  practicability  of  compacting  broken  stone  so  as  to 
produce  a  desirable  surface  by  mere  heavy  rolling,  I  cite  the  following 
experiment :  I  was  desirous  to  prove  the  correctness,  or  otherwise,  of 
Macadam's  theory  that  clean  broken  stone  could  be  made  to  properly 
consolidate  by  such  rolling. 

The  result  was,  after  much  persistence  with  the  heavy  roller,  that 
the  surface  stones,  which  were  of  a  fair  hard  quality,  of  Macadam  size, 
were  rounded  in  form,  and  a  few  crushed  by  the  excessive  attrition, 
and  no  binding  or  compacting  effect  was  produced;  the  rolling  was 
continued  until  it  was  apparent  that  the  mass  of  stones  was  being  com- 
pressed into  the  earth  below. 

Therefore,  it  was  concluded  that  Maoadam  was  in  error,  and  that  no 
proper  road  surface  can  be  formed  by  the  process,  in  the  use  of  broken 
stones  alone.  An  intermixture  of  some  foreign  material  is  indispen- 
sable. It  may  be  that  Macadam  succeeded  by  the  use  of  a  softer,  in- 
ferior quality  of  stone  in  crushing  a  sufficient  portion  on  top  to  form  a 
binding  material  of  some  value,  but  it  is  doubtful  if  a  respectable  road 
could  be  made  in  this  way  until  after  it  had  been  turned  over  to  travel 
to  slowly  and  uncomfortably  perfect  it.  Such  a  practice  is  sometimes 
tolerated,  but  I  agree  with  Mr.  Brush  that  it  is  unwise,  and  that  it  is 
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in  no  way  desirable  to  force  the  public  to  become  road-makers.  The 
French  practice  is  not  tenacious  about  the  cleanliness  of  broker)  stones 
in  road-making,  but  admits  a  profuse  intermixture  of  incongruous 
materials. 

As  to  the  exclusive  use  of  Macadam  stone  in  mass  for  road  pur- 
poses I  protest,  as  it  has  always  appeared  to  me  to  be  both  unscien- 
tific and  poor  economy ;  the  more  modern  road,  consisting  of  a  foundation 
bed  of  larger  and  cheaper  stones,  which  is  to  remain  as  a  permanency, 
and  a  lighter  body  of  surface  material  to  receive  the  wear  and  to  be 
renewed  as  occasion  requires,  is  far  preferable. 

I  note  further  a  singular  difference  of  opinion  as  to  the  length  of 
time  a  road  should  be  expected  to  be  severely  let  alone  without  repairs. 
It  seems  to  me  it  is  obvious  that  this  must  depend  entirely  upon  the 
nature  of  the  service  it  is  subjected  to,  with  the  prior  question  of  the 
perfection  of  construction.  The  surface  material  wears  out  and  must 
be  renewed.  It  requires  some  watchfulness  and  good  judgment  to  hit 
upon  just  the  right  time  to  attend  to  the  business.  It  is  idle  to  at- 
tempt to  establish  any  rule  about  it.  The  case  of  each  road  must  be 
judged  by  itself,  having  regard  to  the  patient  endurance  of  the 
public  for  shortcomings  and  culpable  neglect.  The  section  of  Park 
road  which  I  have  mentioned  as  having  been  heavily  rolled,  maintained 
its  good  surface,  under  moderate  travel,  for  at  least  three  years,  and 
was  not  then  so  worn  as  to  require  more  than  trifling  repairs;  but  this 
cannot  be  cited  as  any  criterion  applicable  to  general  and  very  variable 
conditions  in  the  matter  of  repairs. 

The  question  as  to  the  removal  of  worn-out  material  on  the  surface 
of  roads  before  making  repairs  has  received  some  discussion. 

Such  debris  has  clearly  performed  its  duty  and  is  fit  thereafter  only 
to  make  mud  or  dust,  and  is  worse  than  useless;  it  is  not  the  kind  of 
stuff  suitable  for  binding  material  in  the  renewal  of  the  surface,  and 
the  best  thing  that  can  be  done  with  it  is  to  scrape  it  off  and  consign 
it  to  some  dumping  ground,  or,  perhaps  better,  to  a  compost  bed.  I 
know  that  this  is  not  the  general  rule  of  treatment,  but  for  all  respect- 
a-ble  roads  I  commend  it.  I  may  add  that  all  kinds  of  limestone  I 
have  found  by  trial  are  objectionable  in  forming  the  wearing  surface 
of  roads;  it  is  difficult  to  combine  it  with  the  necessary  binding  ingre- 
dients, and,  after  a  little  use,  resolves  itself  into  a  pasty  substance 
that  terminates  in  defacing  carriages  and  harness,  or  an  equally  dis- 
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agreeable  dust.  I  tried  to  combine  it  with  a  foundation  formed  of 
better  stone  -without  success,  as  it  separated  and  flaked  up  under  the 
action  of  horses'  feet  and  carriage  wheels. 

The  flushing  or  puddling  with  an  excess  of  water  is  as  objectional, 
in  my  experience,  as  the  attempt  to  compact  dry  materials. 

Do  we  want  hydraulic  imperviousness,  or  could  we  attain  it  if  we 
did,  on  a  traveled  road  surface  ? 

As  to  the  proper  depth  of  road  materials  which  has  been  discussed, 
the  meau  depth  for  the  Park  roads  was  12  to  14  ins.,  which  has  given 
satisfactory  results — no  breaking  up  has  been  known  to  me.  It  is  a 
question  to  be  practically  determined  by  circumstances  of  situation,  the 
kind  and  accessibility  of  materials,  the  character  of  the  travel,  soil  built 
upon,  etc.,  and  I  should  say  it  was  to  be  left  to  the  judgment  of  the 
engineer  in  charge.  I  desire,  most  cordially,  to  adopt  Mr.  Brush's 
estimate  of  the  value  of  Mr.  Owen's  paper  with  which  he  concluded 
the  recent  discussion. 

Fostek  Ckowell,  M.  Am.  Soc.  C.  E. — This  admirable  and  timely 
paper  is  so  comprehensive  and  so  replete  with  its  author's  wide  experi- 
ence in  the  art  of  road-building  that  there  is  scarcely  opportunity  for 
any  new  facts  to  be  brought  out  in  discussing  it.  But  it  is  at  the  same 
time  so  suggestive  in  regard  to  the  important  part  that  the  engineer 
should  take  in  the  work  of  transforming  the  highways  of  this  country 
into  roadways  that  a  few  further  comments  may  not  be  inopportune. 
The  roads  which  Mr.  Owen  has  built  and  their  economic  effect  upon 
the  communities  which  they  serve  constitute  one  of  the  few  object 
lessons  in  this  subject  which  it  is  possible  for  Americans  to  study 
without  going  abroad,  and  it  is  not  too  much  to  say  that  it  is  largely  to 
his  effort  as  the  engineer,  supported  by  local  appreciation  of  both  the 
direct  and  the  indirect  benefit  of  good  roads  which  those  efforts  have 
fostered  and  justified,  that  we  have  such  a  valuable  source  of  practical 
information.  The  apathy,  not  to  say  the  ignorance,  of  the  public 
generally  in  regard  to  the  earning  power  of  good  roads  is  astounding. 
There  is  at  present  a  very  important  and  general  awakening  to  the 
miserable  character  of  the  American  highway,  which  cannot  fail  to  be 
productive  of  great  good  here  and  there.  The  fact  remains,  however, 
that  first-class  roads  are  still  regarded  as  luxuries,  or  at  least  as  extra- 
vagances to  be  dreaded  as  likely  to  increase  the  burdens  of  taxation 
without  measurable  return.     In  this  connection  Mr.   Owen's  protest 
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against  "makeshift"  roads  is  very  valuable  and  pertinent.  The 
earning  power  of  a  railroad  or  of  a  turnpike  is  a  distinct  function  to 
be  reckoned  apart  from  its  value  as  a  developer  of  the  wealth  produc- 
tiveness of  the  region  it  serves ;  the  earning  power  of  a  common  road 
considered  in  the  same  light  is  the  sum  it  saves  to  the  individual  users; 
it  follows  that  in  a  sparsely  settled  community  it  may  not  pay  as  an 
investment  to  build  so  completely  and  expensively  as  in  more  favored 
localities,  but  it  is  a  matter  of  demonstration  that  it  is  a  very  poor 
country  indeed  that  will  not  be  benefited  to  an  extent  greater  than 
the  outlay  by  building  really  good  roads;  and,  moreover,  as  Mr.  Owen 
has  pointed  out,  the  better  the  road,  the  less  the  annual  tax  for  main- 
tenance, which  latter  in  the  case  of  a  poor  road  is  often  the  measure  of 
a  much  greater  capitalization  than  would  provide  the  best  road. 

In  the  case  of  any  contemplated  improvement  of  an  existing  road, 
or  the  opening  of  a  new  road,  the  above  consideration  is  one  of  the 
elements  of  the  engineer's  problem,  and  it  is  very  much  to  be  wished 
that  the  public  may  be  educated  to  the  knowledge  that  it  is  in  such 
ways  that  the  engineer's  work  will  benefit  them  most  and  that  it  does 
not  consist  singly  in  establishing  lines  and  grades  or  securing  good 
workmanship,  important  and  indispensable  as  these  are. 

My  own  experience  in  road-building  is  too  limited  and  too  far  back 
to  be  of  much  present  interest,  but  it  gives  me  much  pleasure  to  note 
that  the  experience  of  Mr.  Owen  in  regard  to  the  best  depth  of  a  Tel- 
ford pavement  confirms  the  practice  with  which  I  had  to  do,  in  con- 
structing the  drives  in  Fairniount  Park  (in  Philadelphia).  There  we 
began  in  our  ignorance  with  a  depth  of  18  ins.  of  metal,  but  very  soon 
adopted  a  theoretical  depth  of  9  ins. ,  consisting  of  a  4-in.  course  laid 
by  hand  and  hand-napped,  a  3-in.  course  of  coarse  crushed  stone  and 
a  2-in.  course  of  liner  stone,  each  of  the  latter  being  rolled  with  a 
steam-roller  and  the  whole  top-dressed  with  screenings;  the  actual 
thickness  of  metal  to  bring  the  top  surface  to  the  established  grade 
was  found  to  be  sometimes  as  much  as  10  ins.  notwithstanding  that 
the  subgrade  had  been  dressed  to  proper  contour  and  rolled  with 
2-ton  horse-rollers.  My  subsequent  expei'ience  and  observation  of 
these  roads,  extending  over  several  years,  proved  that  the  wear  of  the 
9-in.  pavement  under  a  large  volume  of  light  traffic  was  more  satis- 
factory than  that  of  the  18-in.  My  impression  is  that  in  after  years  a 
gravel  binder  was  added. 
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In  regard  to  the  controverted  point  of  heavy  vs.  light  rollers,  my 
experience  is  that  the  latter  produce  better  results  ;  the  object  in  roll- 
ing is  not  to  force  the  lower  course  down,  but  to  compact  the  upper 
layers;  there  is  a  certain  relation  of  unit  weight  of  roller  necessary  to 
do  this,  but  it  is  probable  that  a  2-ton  roller  is  sufficiently  heavy, 
and  the  extra  cost  of  operating  it  should  not  count  in  the  matter.  In 
construction  steam-power  could  be  used  with  a  light  roller  as  with  a 
heavy  one;  for  maintenance  steam  should  not  be  used. 

In  regard  to  grades  I  venture  to  differ  from  Mr.  Owen  in  his  assum- 
ing that  l°o  is  the  ideal  grade  for  roads;  in  rare  cases  where  the  rise  is 
in  one  direction  for  long  continuous  distance,  and  if  a  uniform  grade  of 
1 ",,  can  be  secured  without  undue  expense,  it  is  preferable  not  to  ex- 
ceed it ;  but  where  the  road  is  undulating,  with  frequent  reversions  of 
grade,  the  horse,  in  my  judgment,  will  do  equally  well,  or  even  better, 
with  grades  of  2 %.  It  is  well  known  that  horses  as  a  rule  travel  better 
in  a  slightly  hilly  country  than  on  a  dead  level.  Obviously  the  engi- 
neering problem  can  generally  be  very  much  modified  by  the  use  of  a 
2%  maximum  limitation,  as  against  a  \%. 

The  question  of  control  of  roads  is  likely  to  be  a  controverted  one 
for  a  long  while  to  come;  it  is  really  an  economical  question,  but  our 
fellow  citizens  generally  imagine  it  to  be  political.  Our  country  is  the 
only  one  claiming  to  be  civilized  that  regards  this  most  important  duty 
as  a  proper  matter  to  be  left  to  the  preference  or  the  caprice  of  a  town 
ship  or  a  county;  it  is  rather  curious  that  while  there  is  something  of 
a  clamor  throughout  the  country  for  a  governmental  administration  of 
railroads  which  are  in  most  respects  private  property,  there  is  a 
strongly  marked  hostility  to  applying  the  principle  to  the  common 
roads  which  are  wholly  public  property  and  already  in  certain  inqjortant 
respects  under  government  control. 

Latham  Anderson,  M.  Am.  Soc.  C.  E. — The  writer  desires  to  add 
his  quota  of  praise  of  the  admirable  paper  by  Mr.  Owen.  It  bristles 
with  vital  facts,  strong  common  sense  and  rich  experience.  Neverthe- 
less, iu  the  recent  discussion,  the  modifications  or  limitations  suggested 
by  Messrs.  North  and  Brush  seem  to  be  well  taken.  Mr.  Owen  himself 
emphasizes  the  danger  of  making  rules  that  are  too  arbitrary  and 
sweeping,  and  also  of  blindly  accepting  traditional  canons,  based  upon 
experience  in  other  countries  and  climates.  But  does  he  not,  in  some 
degree,  lay  himself  open  to  this  same  charge,  as,  for  instance,  on  the 
following  points? 
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He  says:  "But  the  proportional  area  of  gravel  districts  to  what 
may  be  called  earth  districts  is  so  small  that  it  has  little  effect  on  the 
country  at  large''''  (italics  by  the  present  writer).  What  is  meant  by 
"  the  country  at  large?" 

Does  it  include  the  rainy  eastern  half  of  the  Mississippi  Valley,  the 
Great  Plains,  the  Rocky  Mountain  region  and  the  Pacific  Slope? 
Within  this  continent  of  ours,  respective  regions  differ  from  each  other 
in  climate  and  soils  more  than  do  New  Jersey  and  England  whence 
most  of  our  different  traditional  rules  have  come.  Take  the  Pacific 
Coast  alone.  The  southern  portion  is  in  the  desert  zone  ;  the  northern 
is  as  wet  and  foggy  as  England  herself.  Even  in  the  country  bounded 
by  the  Appalachians,  the  100th  meridian,  the  Lakes  and  the  Gulf  of 
Mexico,  the  aggregate  area  within  which  gravel  or  shale  can  be  ob- 
tained at  reasonable  distances,  either  from  banks  or  the  beds  of 
streams,  is  so  vast  as  to  furnish  homes  for  a  first-class  nation. 

In  the  discussion,  Mr.  Owen  says:  "Repairs  cost  more  on  a 
sprinkled  road  than  on  any  other."  Mr.  Owen  has  doubtless  estab- 
lished this  fact  experimentally  in  the  particular  case  of  the  climate  of 
New  Jersey  and  with  Macadam  made  from  trap-rock.  How  about  the 
experience  on  the  noted  San  Mateo  road  out  of  San  Francisco,  and  on 
the  no  less  famous  Washoe  Pike  across  the  Sierras  ?  There  (if  the 
writer  was  correctly  informed)  it  was  demonstrated  that  daily  sprink- 
ling — not  flooding — was  essential  to  the  most  economical  maintenance. 

The  fact  is  we  live  in  "all  sorts  of  a  country,"  and  current  litera- 
ture, professional  and  otherwise,  is  too  prone  to  ignore  this  fact. 
Every  schoolboy  can  describe  the  physical  geography  of  the  continent, 
but  apparently  the  majority  of  dwellers  on  our  Eastern  (Atlantic) 
frontier  fail  to  realize,  in  its  full  force,  the  relative  importance  and 
extent  of  the  different  sections.  For  instance,  how  few  realize  that  the 
United  States  consists  of  two  main  divisions — the  Mississippi  Valley 
and  the  Great  Mountains,  with  a  comparatively  narrow  fringe  of  terri- 
tory on  the  Lakes  and  on  the  Atlantic  and  Pacific  coasts. 

It  is  needless  to  say  that  American  engineers  of  Mr.  Owen's  wide 
experience  are  not  amenable  to  this  charge  of  provincialism.  But  in 
our  professional  papers  and  discussions  attention  is,  of  course,  mainly 
directed  to  those  thickly  populated  districts  in  which  most  engineer- 
ing work  is  done.  This  accounts  for  the  fact  that  only  general  mention 
is  usually  made  of  the  modifications  of  these   rules  of  practice  de- 
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man ded  in  rural  regions.  Consequently  the  effect  which  this  mode  of 
discussing  the  road  question  has  upon  the  rustic  mind  is  to  leave  the 
impression  that  engineering  methods  therein  inculcated  are  provincial 
(Eastern)  or  local,  being  adapted  only  to  the  suburbs  of  cities  or  to 
other  wealthy  neighborhoods.  Thanks  to  the  influence  mainly  of  the 
American  League  of  Wheelmen,  a  widespread  interest  has  lately  been 
excited  throughout  the  eastern  half  of  the  continent  on  the  subject  of 
country  roads.  Therefore,  a  discussion  of  this  phase  of  the  question 
by  our  society  is  opportune,  and  a  dissemination  of  these  professional 
conclusions  throughout  the  country  would  at  this  time  be  of  great 
benefit. 

The  object  of  the  writer  is  not  to  enter  into  a  general  discussion  of  Mr. 
Owen's  paper,  but  to  refer  only  to  those  points  applicable  to  country 
roads,  and  especially  to  those  in  more  sparsely  populated  districts.  It 
is  also  desired  to  restrict  the  discussion  to  that  rainy,  muddy  part  of 
our  country  east  of  Central  Kansas,  because  first,  this  embraces  about 
all  the  region  within  which  the  present  excited  interest  in  road  im- 
provement exists;  and  second,  what  would  be  good  practice  here 
would,  in  many  particulars,  be  quite  the  reverse  in  the  arid  regions  of 
the  remaining  two-thirds  of  the  country. 

First  in  the  order  of  importance  the  writer  wishes  to  place  the  roads 
stigmatized  and  denounced  by  Mr.  Owen  as  "good  enough."  Mr. 
North  truly  says:  "The  improvement  must  commence  with  "good- 
enough  "  roads  that  are  as  much  better  than  the  present  style  as  the 
skill  and  money  attainable  will  permit."  Now,  these  wild  country 
roads  show  the  lack  of  engineering  design  in  every  feature,  especially 
in  location,  surface,  drainage,  and  most  of  all  (in  this  muddy  region 
especially  under  consideration)  in  under-drainage.  Given  an  earth 
road  skillfully  located,  properly  shaped  for  surface  drainage,  and  with 
the  roadbed  thoroughly  underdrained  with  tile,  say,  to  the  depth  of  at 
least  2  ft.,  all  that  is  necessary  to  make  this  a  fairly  good  country 
road  is  to  cover  a  strip  in  the  middle,  say,  14  to  16  ft.  wide  with  6  ins. 
of  gravel  or  shale.  The  contrast  between  such  a  road  and  the  typical 
morass  through  which  our  farmers  flounder  in  winter  is  obvious 
enough. 

An  ideal  country  road  of  this  class  may  be  described  as  follows :  in 
grading,  excavate  ample  ditches,  embanking  the  earth  thus  obtained  so 
as  to  raise  the  subgrade  above  the  surrounding  ground  (except  on  hill- 
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sides).  Let  the  width  between  the  inner  edges  be  not  less  than  36  ft. 
Thus,  if  the  middle  16ft.  were  graveled,  a  "mud"  road  10  ft.  wide 
would  be  left  on  each  side.  These  mud  roads  afford  the  best  of  tracks 
in  dry  weather,  and  save  wear  of  metal  on  the  middle  road.  The  bot- 
toms of  the  gutters  or  side  ditches  should  be  graded  true  so  that  no 
puddles  would  form  in  them. 

Provide  proper  culverts  (of  logs  or  planks  where  other  material  is 
too  expensive),  and,  on  hillsides,  furrows  or  ditches  to  intercept  flood 
water  from  above. 

This  brings  us  to  the  feature  to  which  attention  is  particularly 
directed,  the  under-drainage. 

In  all  clay  or  tenacious  soils,  if  the  roadbed  is  under-drained  with 
tiles,  the  road  will  be  rendered  more  firm  during  the  winter  and  spring 
months,  and  the  effect  of  frost  will  be  reduced  to  a  minimum.  It  is 
claimed  that,  even  without  metal,  such  mud  roads  can  be  maintained 
in  better  condition  and  at  less  cost  than  where  under-drainage  is  not 
used.  Where  metal  is  used,  a  less  depth  of  it  Avill  bear  up  a  given 
maximum  load,  thereby  repaying  a  part  at  least  of  the  cost  of  the  tile. 
For  these  reasons,  under-drainage  of  macadamized  roads  on  clay  soil 
is  generally  recommended  by  the  writer  in  all  but  those  exceptional 
cases  where  tiles  are  very  costly.  In  most  soils  and  situations,  one  line 
of  tile  under  the  middle  of  the  road,  laid  30  ins.  below  the  natural 
surface  (before  embanking  the  road),  will  be  sufficient.  Objection 
may  be  urged  against  this  system  on  the  score  of  first  cost.  But,  from 
the  writer's  observation,  if  the  same  labor  now  squandered  where  the 
jiersonal  service  system  is  in  vogue  where  applied  under  competent 
supervision,  the  roads  in  our  rural  districts  would  be  progressively 
transformed  with  little  additional  cost  to  the  community. 

Without  such  skillful  supervision,  the  case  is  hopeless.  It  will 
never  be  secured  until  the  people  are  educated  to  the  necessity  of 
putting  all  such  work  under  the  control  of  well-instructed  civil  engi- 
neers. It  is  in  this  direction  that  our  allies,  the  League  of  American 
Wheelmen,  with  Col.  Pope  at  their  head,  can  do  the  most  efficient 
service. 

W.  C.  Oastlek,  Assoc.  Am.  Soc.  C.  E. — There  is  so  much  in  Mr. 
Owen's  interesting  and  useful  paper  that  is,  or  ought  to  be,  so 
entirely  outside  controversy  that  I  almost  wish  the  few  points  I  desire 
to  notice  had    been  differently  treated,  because  I  think  they  are  not 
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only  very  far  removed  from  the  best  practice  in  road-making,  but  are 
apt,  unfortunately,  to  beget  and  encourage  loose  and  insufficient 
methods  of  construction  and  repair. 

Among  the  important  differences  of  opinion  between  Mr.  Owen  and 
myself  are,  his  practice  of  grading  the  earth  subway  to  a  sni.  36  uni- 
form (in  section)  with  the  finished  road;  his  preference  for  laying  the 
Telford  blocks  on  a  loose  earth  foundation  rather  than  on  a  consoli- 
dated one;  the  use  of  clay  as  packing,  and  the  discarding  of  the  heavy 
compressing  power  of  the  steam-roller  (which  varies  from  400  lbs.  to  550 
lbs.  per  linear  inch)  for  a  2-ton  horse-roller  giving  perhaps  not  more 
than  one-sixth  the  weight  per  inch  run  of  the  lighter  steam-roller 
named. 

I  hardly  think  that  Mr.  Owen  is  correct  about  it  being  agreed  on  all 
sides  that  the  roadbed  should  be  graded  to  a  surface  uniform  with 
the  finished  road,  and  I  know  that  in  several  important  cities  the  plan 
outlined  below  is  preferred  and  practiced.  This  less  expensive  method 
is  to  make  the  surface  of  the  earth  subway  a  right  line  rather  than  a 
curve,  and  on  this  flat  surface,  which  should  be  thoroughly  and  uni- 
formly consolidated,  the  Telford  foundation  is  to  be  laid.  If  the 
subway  were  curved,  the  Telford  stones  must  be  necessarily  of  the 
same  dimensions;  but,  by  laying  them  on  a  flat  surface,  the  curva- 
ture of  the  road  can  be  obtained  by  placing  larger  stones  on  the 
crown  of  the  road  and  diminishing  their  size,  and  consequently  the 
depth  of  the  road,  as  the  gutters  are  approached.  This  plan  enables 
stones  of  varying  sizes  to  be  used  in  the  Telford  foundation,  decreases 
the  quantity  of  earth  to  be  excavated  and  materially  lessens  the  cost  of 
construction  as  compared  with  the  method  of  grading  the  earth  to  the 
section  of  the  finished  road. 

The  suggestion  that  the  earth  subway,  being  flattened  instead  of  being 
an  arc  of  a  circle,  causes  the  drainage  to  be  defective  or  insufficient, 
is  not  correct  in  practice.  No  earth  foundation,  either  curved  or  flat, 
no  matter  how  thoroughly  it  is  compressed,  can  be  rendered  water- 
proof. The  principal  reason  for  rolling  the  earth  subway  is  to  obtain 
as  surely  ns  possible  an  uniformly  compressed  foundation — a  founda- 
tion without  soft  spots  in  it ;  so  that  when  the  road  is  built  upon  it 
and  the  traffic  comes  upon  the  road,  neither  the  one  nor  the  other  shall 
be  sufficient  to  depress  or  disturb  any  part  of  the  structure.     It  is  a 
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serious  error  to  omit  this  first  precaution,  and  the  omission  cannot  be 
too  strongly  deprecated. 

The  stone  road  above  the  foundation  will,  if  properly  rolled,  be 
practically  water-tight,  and  will  preserve  itself  and  the  foundation 
against  the  inroads  of  water.  I  do  not  believe  it  is  worth  time  or 
money  to  make  elaborate  schemes  for  under-drainage  of  broken-stone 
roads.  Lateral  drains,  honey-combed  foundations  and  other  ex- 
penses for  so-called  drainage  are  wasteful  excess  and  generally  can  be 
omitted. 

I  do  not  like  Mr.  Owen's  plan  of  laying  the  stones  on  a  loose  founda- 
tion, and  the  illustration  given  by  that  gentleman  of  scooping  out  the 
sand  in  laying  a  granite-block  pavement  is  hardly  analogous  to  a 
Telford  foundation,  because  in  the  first  case  the  top  of  the  granite 
block  is  the  wearing  surface  of  the  road  and  must  necessarily  be  an 
even  surface;  whereas,  on  the  top  of  the  Telford  foundation  several 
inches  of  broken  stone  have  to  be  laid,  giving  abundant  opportunity 
for  making  level  the  unevennesses  of  the  top  of  the  large  stones  of  the 
first  layer.  I  should  greatly  prefer,  and  should  expect  far  better 
results  from,  first  of  all,  making  the  earth  foundation  uniformly  solid 
and  then  building  on  this  solidity  rather  than  upon  the  yielding  sur- 
face of  an  unconsolidated  subway. 

With  regard  to  the  iise  of  loam  or  clay  in  any  part  of  a  broken  stone 
road,  I  am  an  uncompromising  opponent.  If  clay  or  loam  is  placed 
between  the  layers  of  stone  of  which  the  road  is  built,  it  will  sooner  or 
later  give  way  under  the  pressure  from  above,  the  stones  will  sink 
down  and  the  road  will  become  prematurely  uneven.  If  clay  or  loam 
be  used  as  binding  material  it  will  be  mud  in  wet  weather  and  dust  in 
dry  weather,  to  the  great  disparagement  of  the  road  from  the  traveler's 
point  of  view,  and  will  certainly  beget  undue  unevenness  and  wear  and 
tear,  and  the  consequent  increased  cost  of  making  good  these  deficien- 
cies. 

I  prefer  fine  gravel  or  sand  as  a  binding  material  to  anything  else, 
and,  no  matter  what  the  "binder"  is,  I  think  the  less  used,  the 
cleaner  and  more  durable  will  be  the  roadway.  Screenings  ami  fine 
broken  stone,  particularly  when  of  trap  rock,  are  objectionable  because 
tliey  do  not  readily  bind,  and  screenings  of  any  description  of  stone 
soon  grind  into  dust,  which  is  blown  away  with  the  firsl  wind  or 
washed  away  with  the  first  shower.     Moreover,  the  small  stones  inter- 
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mix  themselves  with  the  larger  stones  and  keep  them  asunder.  Inas- 
much as  the  object  to  be  attained  is  to  make  the  road,  as  nearly  as 
possible,  a  solid  mass  of  broken  stone,  it  is  preferable  to  use  some  ma- 
terial, such  as  gravel  or  sand,  that  will  not  interfere  with  the  stones 
coming  close  together,  but  merely  fill  up  the  interstices  of  the  newly 
rolled  road.  I  would  sweep  off  the  surplus  "binding  "  and  allow  the 
traffic  to  come  into  direct  contact  with  the  clean  broken  stone.  A  grit 
of  any  kind  between  the  wheels  of  the  vehicle  and  the  stones  of  the 
roadway  destroys  the  road  and  wears  the  wheels.  The  omission, 
therefore,  of  the  "  top  dressing,"  as  it  is  sometimes  named,  is  honored 
in  the  observance. 

On  the  subject  of  heavy  rolling  and  thorough  consolidation  I  sup- 
pose I  have  some  strong  views,  but  as  I  am  commercially  interested  in 
the  success  of  steam  road  rolling,  I  prefer  to  say  as  little  as  possible  on 
the  matter.  I  have  lately  formulated,  however,  half  a  dozen  questions 
relating  to  some  of  the  mooted  points  in  Mr.  Owen's  paper,  and  asked 
a  number  of  gentlemen,  City  Engineers,  Commissioners  of  Public 
Works,  Commissioners  of  Eoads  and  others,  to  answer  these  questions. 
Twenty-eight  of  these  gentlemen  have  very  kindly  responded,  and  a 
large  amount  of  extremely  useful  and  interesting  information  has  been 
obtained.  An  abstract  of  the  answers  is  appended  hereto,  and  the 
fuller  information  imparted  I  shall  have  pleasure  in  giving  to  those 
who  may  inquire  of  me. 

The  answers  received  from  the  following  gentlemen  have  been  con- 
densed and  are  printed  in  the  following  pages  under  the  question 
asked  ;  the  roman  numeral  being  used  to  designate  each  of  the  indi- 
viduals, as  appears  in  the  following  list  : 

I.  Providence,  R.  I. ,  Samuel  M.  Gray,  M.  Am.  Soc.  C.  E. 

II.  Staten  Island,  N.  Y. ,  W.  S.  Bacot,  M.  Am.  Soc.  C.  E. 

III.  Rochester,  X.  Y. ,  George  W.  Aldridge,  Pres.  Executive  Board. 

IV.  Dubuque,  la.,  E.  C.  Blake,  City  Engineer. 

V.  Boston,  Mass.,  W.  E.  McClintock,  M.  Am.  Soc.  C.  E. 

VI.  Paterson,  X.  J.,  John  T.  Hilton,  C.  E. 

VII.  Boston,  Mass.,  C.  R,  Cutler,  Acting  Supt.  of  Streets. 

VHI.  Bridgeport,  Conn.,  B.  D.  Pierce,  Street  Commissioner. 

IX.  Lowell,  Mass.,  Geo.  Bowers,  City  Engineer. 

X.  Huntingdon,  Pa.,  J.  C.  Blair. 
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XI.  Providence,  E.  I. ,  Robert  E.  Smith,  Commr.  of  Public  Works. 

XII.  Mt.  Vernon,  N.  Y.,  Fred.  S.  Odell,  Commr.  of  Public  Works. 

XIII.  Quincy,  Mass. ,  W.  W.  Ewell,  Commissioner  of  Public  Works. 

XXV.  Saratoga,  N.  Y.,  Charles  L.  Pond,  Street  Commissioner. 

XV.  Pawtucket,  R.  I. ,  Loren  G.  Ladd,  Commr.  of  Highways. 

XVL  Keokuk,  la.,  W.  H.  Jones,  City  Engineer. 

XVII.  Brooklyn,  N.  Y. ,  John  Y.  Culyer,  M.  Am.  Soc.  C.  E. 

XVHX  Medford,  Mass.,  John  P.  Prichard,  Street  Commissioner. 

XIX.  Lynn,  Mass.,  Wallace  Bates,  Superintendent  of  Streets. 

XX.  Wilmington,  Del.,  H.  J.  Wiley,  Sec.  Street  and  Sewer  Dept. 

XXI.  Bichmond,  Va.,  Charles  E.  Ashburner,  Jr.,  Eng.  of  Boads. 

XXII.  Chicago,  111.,  J.  A.  Pettigrew,  Superintendent  Lincoln  Park. 

XXIII.  Stamford,  Conn.,  W.  B.  Pierce,  Borough  Engineer. 

XXTV.  Providence,  B.  I. ,  John  A.  Coleman,  Ex-Commr.  Pub.  W'ks. 

XXV.  Flushing,  N.  Y.,  G.  A.  Boullier,  M.  Am.  Soc.  C.  E. 

XXVI.  West  Newton,  Mass.,  Albert  F.  Noyes,  M.  Am.  Soc.  C.  E., 

City  Engineer. 

XXVH.  Madison,  Wis.,  McClellan  Dodge,  City  Engineer. 

XXVIII.  Fall  Biver,  Mass.,  Anthony  Thurston,  Supt.  of  Streets. 


Question  No.  1. 

Please  state  whether  you  prefer  to  use  a  steam-roller  or  a  horse- 
roller  in  the  construction  and  repair  of  broken-stone  roads,  and  why 
the  preference. 

Answeks. 

I.     Greatly  prefer  steam-roller.     Much  better  road  can  be  made 

at  less  cost  and  in  less  time. 
II.     Steam-roller.     Economy,  efficient  work,  speed,  better  road, 

III.  Steam-roller.     Labor  and  time  saved,  more  solid  and  com- 

pact bed,  smooth  surface  and  more  durable  road. 

IV.  Steam-roller.    Packs  Macadam  and  leaves  it  smooth.    Horses 

tear  up  street  and  leave  it  uneven. 
V.     Steam-roller.     Better  work,  more  durable,  etc. 
VI.     Steam-roller.     Consolidates  road  more  compactly  and  solid 
than  can  be  done  with  horses. 
VII.     Steam-roller.     Wherever  work  is  large  enough  to  may  it  pay. 

Small  patching— horse-rollers. 
VEIL     Steam-roller.       Better    work,     better    consolidation    than 
horse-roller. 
IX.     Steam-roller.     Decided  preference  for. 
X.     Steam-roller.     Both  for  new  roads  and  repairing. 
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XI.     Steam-roller.     Better  work    and  more   economical.     Have 

grades  on  which  horse-roller  would  not  work. 

XII.     Steam-roller.     Action  of  driving  wheels  draws  stones  more 

closely  together,    greater  weight,    compacts  better  than 

horse-roller. 

Xm.     Steam-roller.     Firmer  and  more  compact  road,  difference  in 

appearance  and  wear  apparent  to  all. 
XIV.     Steam-roller.     Road    solidly   compacted   and    fit    for  use, 

something  impossible  with  horse-roller. 
XV.     Steam-roller.     Greater  weight,   compacts  more  thoroughly 

and  leaves  surface  better  for  travel. 
XVI.     Steam-roller.     More  economical  than  horse-roller,  and  giv- 
ing a  more  compact  and  durable  street. 
XVII.     Steam-roller.     Decidedly.     More  economical,   and   because 
results  in  uniformity  and  efficiency  of  work  done  are  in  all 
respects  better. 
XVIII.     Steam-roller.     Indispensable. 
XIX.     Steam-roller.     Far  more  effective.     Needs  no   argument  to 
satisfy  any  unprejudiced  mind  that  a  15-ton  pressure  is 
more  effective  than  a  5-ton  pressure. 
XX.     Steam-roller.     More  thoroughly  compacts. 
XXI.     Steam-roller.     Most   decidedly.     One  week's  work   with  a 
horse-roller  and  a  steam-roller  should  satisfy  anybody. 
XXII.     Steam-roller.     Cheaper  worked  and  better  work. 
XXni.     Steam-roller. 

XXTV     Steam-roller.     Its  infinitely  greater  effectiveness. 
XXV.     Steam-roller.     Interlocking  more  compactly — voids  reduced 
to  a  minimum  and  less  binding  required.     Roadway  ap- 
proaches more  nearly  a  solid  mass  of  stone. 
XXVI.     First  use  ring-roller,  2-ton,  and  then  steam-roller. 
XXVII.     Much  prefer  steam-roller. 
XXVni.     Steam-roller.     Handsome,  durable  road. 


Recapitulation. 

Answers  received,  28. 

Prefer  steam-roller  to  horse-roller 27 

Two-ton    "ring-roller"   first,  then   thoroughly    consolidate  with 

steam-roller 1 
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Question  No.  2. 

Are  steam-rolled  roads  pleasanter  and  cleaner  for  travel  and  more 
durable  than  roads  not  so  rolled  ? 

Answers. 

I.     Not  only  much  pleasanter  and  cleaner,  but  more  durable, 
and,  I  think,  more  promotive  of  sanitary  conditions. 
II.     Decidedly;  and  more  durable,  less  muddy  in  wet  weather 
and  less  dusty  in  dry;  therefore,  cleaner. 

III.  Yes.     There  is  no  pleasanter  road  than  a  well-rolled  Mac- 

adam. 

IV.  Streets  that  are  rolled  by  steam-roller  are  more  easily  swept. 

A  road  not  so  rolled  will  never  be  so  pleasant  for  driving. 
V.     Steam-roller  requires  far   less  binding  than  horse- roller. 

All  binding  a  necessary  evil.     Less,  the  better  and  cleaner. 
VI.     Decidedly  so. 
VII.     No  answer. 
VIII.     Much  pleasanter  and  cleaner,  and  last  longer. 
IX.     Good  road  can  be  made  so  much  quicker  and  easier  with 
steam-roller;  the  result  is  apt  to  be  a  better  road. 
X.     Yes.     Greatly. 
XI.     More  compact  and  evenly  rolled,  and  more  durable. 
XII.     Depends  on  traffic.     Have  made  roads  for  light  travel  with 
horse-roller  quite  as  clean  and  pleasant  as  any  constructed 
with  steam-roller. 
XIII.     They  certainly  are. 
XIV.     Far  pleasanter  and  cleaner,   and  much,   very  much,  more 

durable. 
XV.     They  are  by  far. 
XVI.     Give  us  better  service,  and  require  less  repairs. 
XVII.     Yes,  certainly. 
XVIII.     Pleasanter  and  cleaner  and  more  durable,  and  wearing  sur- 
face lasts  a  great  while  longer. 
XIX.     Most  decidely  so. 
XX.     Yes. 
XXI.     Smoother,  pleasanter,  cleaner,  more  compact. 
XXII.     Yes.     Firmer  and  more  compacted,  less  settlement.     Mud 
and  dust  can  be  reduced  to  a  minimum. 
XXIII.     No  answer. 
XXIV.     They  are,  decidedly. 

XXV.     Prefers  steam-rolled  roads. 
XXVI.     No  question  about  well-rolled  roads  being  more  durable  and 
pleasant. 
XXVn.     Yes. 
XXVHI.     They  are. 

Recapitulation. 

Answers  received,  26. 

Steam-rolled  roads  are  pleasanter  for  travel  and  are  cleaner  and 

more  durable 25 

Depends  on  traffic.  Have  made  roads  for  light  travel  with  horse- 
roller  quite  as  clean  and  pleasant  as  any  made  with  steam- 
roller         1 
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Question  No.  3. 

What  "  binding  material  "  do  you  use  or  prefer  ?  Any  particulars 
of  your  methods  of  constructing  and  repairing  broken-stone  roads  will 
be  greatly  esteemed. 

Answers. 

I.     Fine  broken  stone  or  dust  from  crusher.     As  little  binding 
as  possible. 
II.     Gravel.     Sometimes  admit  hardpan  sparsely.     No  faith  in 
rock  dust  or  screenings.     Gravel  gives  best  results. 

III.  Gravel,  neither  too  fine  nor  too  coarse.     Slight  mixture  of 

clay. 

IV.  Quarry  screenings. 

V.     Screenings,  same  kind  as  stone  used  for  road. 
VI.     Sand  in  jjreference  to  any  other  material. 
VII.     Fine  screenings. 
VI 1 1.     Gravel  sand  the  best  binder. 
IX.     Fine  screenings  and  little  of  that. 
X.     Small  limestone,  or  a  peculiar  gravel  we  have  here. 
XI.     Fine  screenings. 

XII.     Screenings  from  the  road  metal.     Good  sharp  gravel  with 
small  proportion  of  sand  is  good. 
XQI.     Good  clean  sharp  gravel. 
XIV.     Small  broken  stone. 
XV.     Fine  stone  from  crusher. 
XVI.     Gravel. 
XVII.     Anything  almost  rather  than  clay. 
XVTTT.     Stone  screenings  from  crusher. 
XIX.     A  common  blue  gravel  containing  20  to  30"o  clay.     Smallest 
amount  possible. 
XX.     Screenings  from  stone. 

XXI.     Fine  gravel  and  coarse  sand.     When  these  cannot  be   ob- 
tained, then  screenings. 
XXEL     With  granite  surface  we  use  loamy  gravel.     With  limestone 

we  use  screenings  from  the  limestone. 
XXLL1.     Screenings,  dust,  etc.     Cleaner  than  clay. 
XXTV     Stone  screenings,  and  than  a  layer  of  sand. 
XXV.     Coarse,  clean  sand,  with  a  small  amount  of  coarse  screen- 
ings.    Earth  foundation  heavily  rolled. 
XXVI.     One-fourth  to  J-in.  clay  and  then  screenings.     Little  as  pos- 
sible. 
XXVH.     Screenings.     Limestone. 
XXVUL     Screenings. 

RECAPITTJIjATION. 

Answers  received,  28. 

Screenings  from  the  broken  stone  being  used,  or  small  stones.    ...  17 

Gravel  and  sand,  or  gravel  or  sand 8 

Peculiar  local  gravel,  20  to  30"^  of  clay  in  it 1 

Anything,  almost,  rather  than  clay 1 

Small  quantity  of  clay  and  screenings  rolled 1 


102  DISCUSSION"   ON"   ROAD   CONSTRUCTION. 

Question  No.  4. 

What  is  your  opinion  of  clay  or  hard-pan  as  a  binding  material  for 

broken  stone  roads  ? 

Answers. 

I.  Never  used  it. 

II.  Good,  if  discreetly  used. 

III.  In  limited  quantities  it  makes  a  good  binder. 

IV.  Have  not  used  it  as  a  binder. 
V.  I  should  not  use  clay  in  any  part  of  a  road. 

VI.  I  never  use  it  if  I  can  get  anything  else. 

VII.  Does  not  work  as  well  as  fine  stone. 

VIII.  No  good  !     More  of  a  detriment. 

IX.  I  would  not  use  it. 

X.  Good. 

XI.  Clay  not  good  in  any  way. 

XII.  I  avoid  loam  and  clay. 

XIII.  I  am  not  a  believer  in  this  kind  of  material. 

XIV.  I  do  not  like  it  at  all.     It  keeps  working  out  and  covers  the 

surface  with  mud. 
XV.     Never  used  it,  but  should  venture  that  it  would  not  be  so 
durable  as  tine  stone. 
XVI.     Experimented  with  clay  and  earth.     Find  they  require  more 
cleaning  than  gravel.     Gravel  worth  additional  cost. 
XVII.     Clay  is  a  material  of  last  resort. 
XVIII.     I  use  screened  hard-pan  on  steep  grades, with  great  care  not 
to  get  too  much. 
XIX.     Gravel  contains  a  portion  of  clay,  as  being  cleaner  than  all 
clay. 
XX.     Do  not  consider  it  durable  because  it  soon  works  in   and 
allows  the  stone  to  come  on  top. 
XXI.     Makes  a  "nice-looking"  road  for  a  short  time,  then  mud 

and  dust  according  to  season  of  year. 
XXII.     Would  not  use  it  if  gravel  could  be  obtained. 

XXIII.  Very  good,  if  you  don't  get  on  too  much  to  make  mud. 

XXIV.  We  do  not  believe  in  it  as  it  makes  niud  in  wet  weather. 
XXV.     Have  used  clay   in  small  quantities,   but   the  roads   have 

proved  more  dusty  or  muddy  and  have  shown  a  tendency 
to  rut  more  readily  in  shaded  spots. 
XXVI.     Clay  gives  good  results  when  used  with  certain  stone. 
XXVII.     Have  not  used  it  and  would  not  care  to. 
XXVIII.     It  would  be  the  last  thing  I  would  use. 

Recapitulation. 
Answers  received,  28. 

Never  used  (day 3 

In  limited  quantity,  if  discreetly  used 6 

"  Would  not  use  claw"  "  More  of  a  detriment."  "  Nice-looking 
road  for  a  time,  then  mud  and  dust."  "  No  good."  "  Ten- 
dency to  rut  roads."  "  Material  of  last  resort."  "  Don't  be- 
lieve in  it,"  etc..  etc 19 
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Question  No.  5. 

Do  you  use  the  "picks  "in  the  roller  wheels  for  breaking  up  old 
roads  before  remetaling  ?  And  if  so,  with  what  success,  economi- 
cally and  otherwise  ? 

In  repairing  roads  is  it  preferable  to  lay  the  new  metal  on  the  hard 
old  road,  or  to  loosen  the  old  surface  with  the  picks  and  then  add  what 
stone  may  be  needed  ? 

Answees. 

I.  Used  picks  with  great  success.  Very  essential  to  break  up 
hard  road  surface  before  laying  new  metal. 
II.  Used  steam-roller  in  repairing,  Find  economy  in  steam 
picking  and  roller  repairs.  If  thick  layer  imposed,  some- 
times dispense  with  picks.  For  thin  application  always 
"pick  up." 

III.  Most   economical.     Not    one-third   that   of    hand    picking. 

Loosen  the  old  surface  with  pick,  and  then  add  and  roll 
in  the  new  metal. 

IV.  By  all  means  have  the  old  road  well  picked  over;  then  put 

on  the  new  metal. 
V.     If  road  worn  down  3  to  5  ins. ,  don't  pick  up.     In  case  less 
than  three  I  pick  up  old  surface.     Roller  picking  far  less 
costly  in  hard  roads. 
VI.     Prefer  to  use  picks.     It  is  preferable  to  loosen  the  old  sur- 
face when  about  to  add  new  stone. 
VII.     Always  use  picks — very  economical.     I  consider  it  always 

preferable  to  loosen  old  surface  so  as  to  make  a  bond. 
VIII.     Seldom  use  picks.     Eoad  built  of  "trap."     Picks  come  in 
handy  on  soft  stone  roads.     They  are  necessary  in  rebuild- 
ing roads. 
IX.     Used  picks  with  profit.  We  have  good  success  in  thoroughly 
cleaning  old  roads  and  then  applying  a  thin  layer  and 
thoroughly  rolling  with  steam-roller. 
X.     Yes.     Loosen  old  surface. 

XI.     Used  picks  with  success  and  economy  and  prefer  to  cover 
surface  with  jiieks  and  then  add  the  needed  stone. 
XII.     Am  of  opinion  that  the  time  spent  in  breaking  up  old  sur- 
face   with    picks    is   mostly  wasted,     and    that    equally 
good  results  are  obtained  by  spreading  the  new  metal  on 
surface  and  rolling  it. 
XII  I.     Always  use  picks  before  putting  on   new  material.     Does 
good  work  economically.     If  new  material  is  laid  on  hard 
old  road,  it  wears  faster,  etc. 
XIV.     Use  picks  with  success  and  economy.     Will  do  the  work  of 
50  men.     If  metal  were  laid  on  the  old  hard  road  with  an 
unloosened  surface,  I  should  consider  it  wasted. 
XV.     Always  used  picks.     Always  loosen  surface. 
XVI.     Used  with  success.     Always  pick  up  the  surface  in  repairs, 
giving  the  broken  stone  a  chance  to  compact. 
XVLT.     Most  effective  and  economical.     To  an  engineer  deprived  of 
experience  up  to  date  of  this  boon,  to  witness  the  pro- 
cess would  be  a  liberal  education.     General  loosening  of 
covering  facilitates  subsequent  work. 
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XVIII.     Use  picks  with  success  and  economy.     It  is  not  a  good  plan 
to  spread  new  metal  on  hard  roads.     Pick  up  surface  for 
bond. 
XIX.     Use  picks  with  complete  success.     Am  very  decided  in  my 
opinion  as  to  the  desirability   of  loosening  the   surface 
before  applying  new  material.     A  great  deal  better  result 
is  obtained. 
XX.      Use  picks  with   marked  success.     It  is  undoubtedly  prefer- 
able to  loosen  the  old  surface  with  the  roller  picks  and 
then  add  the  new  stone. 
XXI.     Very  satisfactory.     Always  pick  up  surface  and  get  a  better 

bond. 
XXII.     Always   use  picks.     Road  hard  as  rock,  but  succumbed  to 
roller  with  one  passage.     Have  had  no  trouble  in  repair- 
ing with  2-in.  metal  without  picking  up.     Less  than  2-in. 
would  crush  too  much. 

XXIII.  Saves  cost  considerably.      Prefer  to   pick  up  old  surface, 

otherwise  the  junction  of  old  and  new  roads  wears  badly 
and  soon  ruts. 

XXIV.  Always   used   picks.     Far   more  economical  than  by  hand. 

Preferable  to  loosen  old  surface  with  picks.      The   new 
stone  should  be  incorporated  with  the  old. 
XXV.     Yes;  at  less  than  one-third  the  cost  of  hand  picking.     On  a 
clay-bound   road,    picking  not    a  necessity.       On    roads 
constructed  as  I  have  previously  mentioned,  picking  up 
the  old  surface  is  imperative. 
XXVI.     Use  picks  successfully. 
XXVII.     Use  picks  successfully. 

XXVIII.     Use    picks   with    success    and    economy,    and    loosen    old 
surface. 

Recapitulation. 

Answers  received,  28. 

1.  Used  picks  in  steam-roller  with  success  and  economy 26 

Time  using  picks  mostly  wasted    1 

Seldom   used  picks,    "handy   on   soft   roads."     Necessary    in 

building  new  roads  1 

2.  It  is  preferable   to  loosen   old  roads   before   putting    on  new 

metal 23 

If  thick  layer  of  stone  added,  not  necessary  to  pick  up.     Pick 

up  if  thin  layer,  better  bond 4 

Time  mostlv  wasted.     Put  metal  on  hard  road 1 
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Question  No.  6. 

What  trouble,  if  any,  have  you  had  with  the  steam-roller  in  break- 
ing water  or  gas  mains  or  sewers  ?  And  have  you  found  it  necessary  to 
abandon  the  use  of  the  roller  because  of  any  breakage  to  mains,  etc. , 
it  may  have  caused  ? 

Answers. 

I.     Used  roller  to  upwards  of   20  tons  weight.     Never  broke 
water  or  gas  mains  or  sewers.     Never  abandoned  roller  on 
any  account  whatever,  etc. ,  etc. 
II.     No  trouble  of  any  account. 

III.  None.     No. 

IV.  No  trouble. 
V.     No  trouble. 

VI.     None.     I  have  not. 
Vn.     No  trouble. 
VIII.     Have  had  no  trouble. 
IX.     No  trouble. 
X.     None. 
XI.     No  trouble. 
XII.     Stoneware   pipe    culverts  near  surface  have  been   broken; 

otherwise,  no  trouble. 
XQI.     No  trouble. 
XIV.     None  worth  speaking  of. 

XV.     A  few  strained  joints  of  gas  pipes  near  surface   and  when 
newly  laid.     Instead  of  abandoning  the  roller,  have  just 
bought  a  second. 
XVI.     No  trouble  except  when  mains  less  than  18  ins.  below  sur- 
face.   Had  to  abandon  roller  where  mains  were  only  a  few 
inches  under  ground. 
XVn.     Had  no  trouble. 
XVni.     No  trouble. 
XIX.     Very  little  difficulty.     No  trouble  when  pipes  and  sewers 
were  the  proper  depth. 
XX.     Some  trouble  in  the  small  gas  mains.     They  were  not  deep 

enough.     Not  abandoned  roller. 
XXI.     Very  little  trouble,  and  this  because  of  badly  constructed 
wood   culverts.     I  would  strengthen  every   culvert    and 
bridge  before  I  would  abandon  the  steam-roller. 
XXII.     No  trouble. 

XXIII.  No  damage,  except  a  few  manhole  covers  broken. 

XXIV.  No  trouble. 

XXV.     No  trouble  whatever. 
XXVI.     No  trouble. 
XXVII.     No  trouble. 
XXVIII.     No  trouble. 

Recapitulation. 

Answers  received,  28. 

No  trouble  whatever 22 

Very  slight,   and  these  due  to  mains  being  laid  a  few  inches 

under  surface 6 

Abandoned  roller None. 
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P.  Callanan,  Esq. — The  admirable  paper  of  James  Owen,  M.  Am. 
Soc.  C.  E. ,  is  worthy  the  careful  study  of  all  interested  in  the  construc- 
tion of  good  roads.  It  is  highly  instructive  and  gives  in  a  clear  way 
the  results  of  a  long  and  valuable  experience  in  road-building. 

There  are  several  important  points  treated  in  the  paper  on  which  the 
experience  of  the  writer  does  not  coincide  with  that  of  Mr.  Owen,  among 
which  are  the  relative  value  of  materials;  the  relative  value  and  practi- 
cability of  Telford  and  Macadam,  and  the  manner  of  rolling. 

Aft  to  Material. — Concerning  road  material  Mr.  Owen  says  :  "Leav- 
ing the  drainage  question,  the  next  subject  is  that  of  material,  and 
here  the  field  widens  and  opens.  It  may  be  proper  to  state  at  once 
that  in  a  sense  the  writer's  experience  in  proper  road  materials  is  to 
some  extent  limited.  Having  by  good  fortune  at  his  command  the 
best  possible  material  for  road  purposes  he  has  felt  reluctant  and  is 
reluctant  to  venture  into  the  unknown  in  haste  and  repent  at  leisure." 
He  speaks  of  his  limited  experience  in  road  material  and  of  his  reluc- 
tance to  venture  into  the  unknown,  and  in  the  same  sentence  declares 
he  has  at  his  command  the  best  possible  material  for  road  purposes. 
He  claims  that  trap  is  the  best  material  and  that  limestone  is  only 
economical  or  desirable  in  localities  in  which  it  occurs.  It  is  a  fact 
thai  there  are  many  grades  of  limestone  of  greatly  varying  composi- 
tion. If  there  are  any  grades  of  limestone  that  are  suitable  for  road 
purposes  they  should  be  excepted  in  the  sweeping  and  general  con- 
demnation of  all  limestone  by  Mr.  Owen. 

There  are  many  portions  of  New  York  State,  remote  from  any  deposit 
of  trap,  in  which  limestone  abounds  and  can  be  used  to  macadamize 
highways  most  economically  and  durably.  It  would  be  detrimental 
to  the  interest  of  taxpayers  and  the  public  in  such  localities,  to  have 
the  minds  of  those  in  charge  of  road  affairs  prejudiced  against  one  of 
the  very  best  of  road  materials,  and  which  may  be  found  close  at  hand. 
The  utterances  of  so  eminent  an  authority  on  roads  as  Mr.  Owen  carry 
great  weight,  and  it  surely  is  not  his  purpose  to  underestimate  inten- 
tionally the  value  of  any  road  metal.  His  condemnation  of  limestone 
is  probably  due  to  the  fact  that  he  lias  had  to  do  with  a  grade  in 
which  silica  and  magnesia  abound  and  which  readily  disintegrates  by 
the  action  of  traffic. 

The  writer  lias  in  mind  the  product  of  a  hard  limestone  quarry  of 
very  different  quality  from  that  just  described.      As  evidences  of  its 
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hardness  and  toughness  it  is  proper  to  mention  that  75"o  dynamite  is. 
absolutely  required  to  rend  this  stone,  when  ordinarily  from  30  to  50% 
dynamite  is  used  in  quarries.  Another  point  in  proof  is  the  fact  that 
the  Troy  Steel  and  Iron  Company,  after  finding  that  this  limestone 
analyzed  perfectly  for  their  use,  found  it  impossible  to  readily 
flux  it.  A  better  proof  of  the  fitness  of  this  limestone  to  rank  with 
the  very  best  road  material  is  the  instances  where  it  has  been  put  to  a 
practical  test.  It  has  been  used  to  macadamize  streets  in  large  villages. 
It  was  used  to  macadamize  the  main  street  of  a  large  manufacturing 
village,  and  is  there  subjected  to  severe  and  almost  perpetual  traffic.  One 
concern  (of  which  there  are  many)  carted  25  000  tons  of  merchandise 
over  this  street  last  year.  It  is  a  6-in.  Macadam,  built  in  the  summer 
of  1891.  It  came  out  of  the  following  winter  without  a  "scratch." 
The  people  of  the  village  had  predicted  all  sorts  of  disasters  to  befall 
their  Macadam  when  the  frost  should  withdraw,  and  their  satisfaction 
was  complete  when  they  saw  it  not  a  bit  disturbed  or  injured  by  the 
action  of  the  frost,  and  straightway  contracted  for  another  piece  of  the 
same  kind  of  street.  Now,  here  we  have  a  6-in.  Macadam  streetway 
made  of  limestone  easily  withstanding  immense  traffic  nearing  the  end 
of  its  second  year — no  repairs,  only  ordinary  care  in  cleaning — without 
rut,  its  contour  perfectly  preserved,  the  whole  roadway  a  solid,  smooth- 
surfaced  and  unyielding  mass,  as  any  reliable  citizen  of  the  town  will 
gladly  testify.  "Look  on  this  picture,  and  on  this."  Mr.  Owen  says: 
"The  success  of  hard  limestone  in  rainy  localities  " — mark  the  words 
— "  is  due,  in  the  writer's  opinion,  to  its  comparison,  not  with  harder 
and  better  rock,  but  with  the  aboriginal  mud."  This  seems  to  be 
straining  a  point  in  the  effort  to  belittle  the  value  of  limestone.  We 
submit  the  facts  concerning  the  road  above  described,  which  can  easily 
be  verified,  for  they  are  patent  and  open  as  the  day,  against  an  opinion. 
Here  a  condition  confronts  a  theory. 

Speaking  of  comparisons,  the  limestone  road  in  question  is  Avorthy 
to  be  compared  with  any  stone  road  anywhere  of  trap  or  other  rock, 
for  no  stone  road  can  be  better  than  a  road  which  is  hard,  smooth  and 
durable. 

Mr.  Owen  charges  limestone  roads  with  being  dusty  in  dry  weather 
and  muddy  in  wet.  Is  that  not  equally  true  of  all  stone  roads  left  to 
themselves  ?  The  writer  can  point  out  a  road  upon  which  trap  has 
been  freely  applied,  without  rolling,  and  which  for  depth  and  nasti- 
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11  ess  of  mud  and  dust  in  wet  and  dry  times  surpasses  anything  of  the 
kind  he  ever  saw  on  any  other  stone  road. 

Anyone  hoping  to  find  a  stone  road  that  will  not  receive  deposits 
of  dirt,  or  not  powder  more  or  less  under  wear,  that  has  a  self-cleans- 
ing, self-rejecting  surface,  had  better  hasten  to  rid  himself  of  that 
illusion.  Inexpensive  machinery  is  made  that  will  rapidly  and  effectu- 
ally remove  all  dirt  and  will  amply  repay  in  comfort  and  durability  of 
the  road.  Even  asphalt  and  block  pavements,  which  of  themselves 
contribute  nothing  to  the  supply  of  dust,  must  be  sprinkled  daily  and 
swept  often  to  preserve  a  clean  condition.  Mr.  Owen  claims  that 
repairs  cost  more  on  a  sprinkled  than  on  an  unsprinkled  road.  That 
we  believe  to  be  true,  provided  the  road  is  not  cleaned  at  proper  inter- 
vals; but  that  if  the  accumulations  are  removed  at  such  times,  that  a 
reasonable  amount  of  sprinkling  is  not  detrimental.  It  is  claimed  by 
asphalt  companies  that  their  pavement  wears  out  much  sooner  when 
it  is  continually  sprinkled  without  being  cleaned. 

As  to  the  Relative  Value  and  Practicability  of  Telford  and  Macadam. — 
First,  the  much  greater  cost  of  Telford  must  make  us  pause  to  consider 
well  whether  or  no  Macadam  can  be  so  constructed  as  to  furnish  a 
suitable  roadway.  Telford  is  demanded  only  where  the  soil  is  wet, 
unstable  and  treacherous.  In  such  cases,  unless  the  stone  is  near  at 
hand  to  supply  the  Telford  foundation,  skillful  workmanship  in 
laying  the  Macadam  would  give  the  most  satisfactory  results.  Superior 
drainage,  the  introduction  of  easily  obtainable  soil  upon  which  frost 
has  little  effect,  skillful  manner  of  rolling  and  applying  the  different 
courses  of  broken  stone,  may  be  substituted  for  the  more  costly  Telford. 
Mr.  Owen's  belief  that  in  a  cold  climate  Macadam  is  practically  no- 
where compared  with  Telford  is  not  confirmed  by  results  in  cases  of 
several  C-in.  Macadam  roads  in  the  latitude  of  Albany,  N.  Y.  These 
roads  were  carefully  constructed  with  the  view  of  withstanding  the  frost's 
action,  ami  are  not  disappointing  their  builder.  In  most  localities  the 
expensive  nature  of  Telford  takes  it  out  of  the  question  for  building 
country  roads.  Moreover,  it  is  not  essential  to  the  construction  of  good 
roads  in  most  localities. 

As  in  tin-  Manner  of  Rolling,  Depth  and  Size  of  Stone. — It  has  been  the 
writer's  practice  in  building  village  streetways  to  grade  the  roadbed 
to  a  surface  uniform  with  the  finished  surface,  securing  a  good  lateral 
drainage,  then  rolling  the  roadbed  thoroughly  with  a  15-ton  steam- 
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roller.  The  heavy  rolling  disclosing  the  weak  places  which  are  rilled 
with  suitable  material  and  brought  up  to  the  required  grade.  If  it  is 
to  be  a  6-in.  road,  enough  stone  is  applied  in  one  course,  so  that  after 
the  steam-roller  has  done  its  work  there  is  (5  ins.  of  consolidated  stone. 

In  order  to  prevent  the  stone  from  "bunching  "  and  cause  the  sur- 
face to  show  in  waves  after  some  wear,  as  they  will  do  when  dumped 
directly  on  the  roadbed  and  worked  over  with  hooks,  it  is  dumped 
on  a  platform  of  plank  and  shoveled  to  an  even  depth  in  its  place. 

The  shrinking  under  steam-rolling  has  ordinarily  been  40  to  50.%". 
Could  a  two-horse-roller  produce  a  like  effect  with  any  number  of 
times  rolling  ?  And  is  it  not  important  to  have  as  much  shrinking  done 
at  time  of  construction  as  possible  ? 

Shrinking  means  that  the  pieces  of  stone  are  being  driven  closer 
together  by  the  immense  pressure  upon  them;  that  it  is  the  process  of 
solidifying,  assorting,  knitting,  interlocking,  making  the  whole  mass 
as  much  like  a  unit  as  possible,  and  all  the  better  prepared  to  with- 
stand usage.  I  agree  with  Mr.  North's  view  of  the  manner  of  rolling. 
In  cases  where  the  natural  soil  is  not  so  favorable  and  it  was  deemed 
well  to  put  down  8-in.  Macadam,  it  has  been  found  best  to  apply  the 
broken  stone  in  two  courses,  each  properly  compacted  with  the  steam- 
roller and  finished  with  a  shallow  binder  of  screenings. 

The  idea  of  a  rut  is  at  all  times  hateful,  and  all  travel  should  be 
denied  until  the  rolling  is  completed.  The  point  of  fracture  and  qual- 
ity of  stone  used  should  be  such  that  the  pieces  will  bind  and  hold 
together  in  wet  or  dry  weather,  with  the  rolling  thoroughly  done. 
This  is  the  history  of  the  road  built  in  the  manufacturing  village  here- 
inbefore mentioned.  There  never  was  a  rut  in  this  road,  even  from  the 
very  first.  A  rut  is  a  sign  of  weakness,  insufficient  rolling,  or  that  the 
stone  lacks  the  compacting  quality.  Mr.  Owen  says,  "A  rut  on  the 
surface  wears  out,"  but  the  general  experience  is  that  it  wears  in.  They 
would  seem  to  have  no  proper  place  in  a  new  road,  at  least. 

Another  important  result  of  heavy  steam-rolling  is  that  the  Mac- 
adam is  rendered  more  nearly  impervious  to  water,  the  stone  and 
screening  and  packing  being  so  compact  as  to  almost  completely  pre- 
vent percolation  of  water  through  the  Macadam,  so  that  with  good 
lateral  drainage  and  proper  amount  of  crowning  there  will  be  a  mini- 
mum of  moisture  in  the  stone  and  in  the  earth  under  it,  thereby  lessen- 
ing the  injury  by  the  withdrawal  of  the  frost. 
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In  this  way  a  6-in.  road  will  withstand  as  much  heavy  traffic  as  a 
12-in.  road.  As  only  the  surface  receives  the  wear,  any  natural  soil  that 
can  be  made  to  furnish  a  stable  base  for  the  Macadam,  the  Macadam 
will  protect,  and  bears  the  same  relation  to  it  as  does  the  felloe  to  the 
tire. 

The  size  of  stone  that  makes  the  best  wearing  surface  would  seem  to 
be  the  largest  size  that  still  has  the  power  to  assort,  bind  and  unite 
closely,  to  present  a  smooth,  full,  wearing  surface,  following  the  prin- 
ciple that  a  large  stone  is  stronger  than  a  smaller  one.  In  the  streetway 
alluded  to  in  this  article,  the  writer  used  stone  varying  in  size  from  1 
in.  to  2 i  ins.,  with  admirable  results.  Stone  must,  of  necessity,  vary 
in  size,  and  it  would  seem  wise  to  select  the  largest  size  that  will  still 
answer  the  essential  requirements  of  surface  stone. 

Edwin  Mitchell,  Assoc.  M.  Am.  Soc.  C.  E. — The  Cumberland  Valley, 
lying  between  the  easternmost  two  ranges  of  the  Blue  Ridge  Mountains, 
extending  through  Pennsylvania  and  Maryland  from  the  Susquehanna 
River  to  the  Potomac,  affords  a  number  of  examples  of  turnpikes  which 
have  not  a  heavy  foundation,  but  nevertheless  show  little  damage  from 
settlement,  most  of  the  repairs  being  due  to  wearing  away  of  the  sur- 
face. The  Trenton  limestone  abounds  in  all  parts  of  the  valley,  joining 
at  the  mountains  the  Hudson  River  slate  and  Utica  shale.  The  soil  is 
a  heavy  red  clay  which  in  the  "  dirt  roads,"  in  bad  weather,  frequently 
makes  them  impassable.  All  of  the  public  roads  are  simply  graded  clay 
roads,  the  turnpikes  being  owned  by  stock  companies.  Notwithstand- 
ing the  bad  experiences  winter  after  winter,  propositions  to  issue 
county  bonds  for  road  improvements  have  been  defeated  by  over- 
whelming majorities.  It  seems  a  more  difficult  matter  to  educate 
popular  sentiment  than  it  will  ever  prove  to  raise  the  necessary  money. 
Consequently  most  of  the  highways  are  poor  specimens  of  the  "  good- 
enough  roads." 

Three  of  the  turnpikes  across  the  valley  are  portions  of  the  high- 
ways built  in  the  first  decade  of  the  century,  connecting  Baltimore  or 
Philadelphia  on  the  east,  and  Pittsburgh  or  Wheeling  on  the  west. 
These  roads  are  admirably  located  with  good,  wide  roadbeds. 

The  Chambersburg  Turnpike,  a  link  of  15  miles  in  the  road 
I ict  ween  Baltimore  and  Pittsburgh,  built  in  1810  through  the  Mat  por- 
tions of  the  valley  with  very  little  grading,  cost  $3  000  per  mile. 
Borne  turnpikes,  including   both  hill  and  valley  construction,  cost  as 
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much  as  $8,000  per  mile.  These  turnpikes,  now  having  lost  most  of 
their  old-time  heavy  traffic,  receive  only  such  repairs  as  are  absolutely 
necessary.  During  the  past  few  years  the  average  yearly  expenditure 
on  the  Chambersburg  Turnpike,  above  referred  to,  has  been  $132  per 
mile,  which  represents  a  fair  average  for  other  roads  of  the  same  class. 
New  stone  is  jjut  on  only  the  central  12  ft.  of  the  turnpike,  and  is 
spread  loosely  to  a  depth  of  from  4  to  6  ins.  The  average  amount  used 
each  year  is  about  100  perches  of  25  cub.  ft.  per  mile,  which  is  sufficient 
to  renew  a  width  of  12  ft.  one-tenth  of  a  mile.  Limestone  is  the  only 
stone  used,  owing  to  its  abundance  and  the  cheapness  with  which  it  can 
be  procured.  Limestone  can  be  quarried  for  30  cents  a  perch  and 
knapped  by  hand  for  the  same  amount.  Crusher-broken  stone  costs 
on  the  turnpike  from  80  cents  to  $1  20,  according  to  the  distance  it  is 
hauled.  The  cost  of  granite  would  be  at  least  twice  as  much.  The 
fresh  stone  is  not  rolled,  but  is  left  to  be  packed  by  the  traffic.  On  the 
most  traveled  portions  of  the  road,  this  requires  about  two  months. 

1  am  familiar  with  but  one  turnpike  that  has  been  constructed  in 
the  past  few  years,  the  Downsville  Turnpike.  This  has  been  mac- 
adamized for  a  width  of  15  ft.  to  a  depth  of  8  ins.  The  lower  layers  are 
of  stone  from  3  to  5  ins.  in  diameter,  the  upper  stones  are  from  2  to 
3  ins.  The  method  of  building  was  the  same  as  in  the  old  turnpikes, 
the  stone  being  thrown  down  loosely  and  left  to  be  packed  by  the  pas- 
sage of  vehicles.  This  is  not  to  be  commended  as  a  practice,  but  is 
cheap,  and  in  this  case  has  produced  an  excellent  result  after  severe 
tribulations  and  shakings  and  joltings  of  the  users  during  the  first  few 
months.  The  older  parts  of  this  road,  built  about  five  years  ago,  have 
had  nothing  expended  on  them  for  repairs  and  are  still  in  good  con- 
dition. The  cost  of  building  has  been  from  $1  700  to  $2  000  per  mile. 
A  contract  for  a  portion  was  let  at  $1  700  per  mile,  but  before  much 
was  accomplished,  the  contractor  threw  up  the  work. 

The  public  roads  of  Washington  County,  Md.,  have  only  an 
average  of  $20  per  mile  spent  on  them  each  year  (most  of  this  is 
wasted)  and  their  condition  is  execrable.  The  same  may  be  said  of  the 
roads  of  other  parts  of  the  valley.  Franklin  County,  Pa.,  last  year 
spent  $60  000  on  road  repairs,  but  all  the  benefit  received  was  washed 
away  long  ago. 

The  farmers  living  on  the  turnpikes  and  paying  1  cent  toll  per  mile 
per  horse  are  much  more  than  repaid  by  the  decreased  cost  of  trans- 
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portatiou.  When  all  of  our  country  population  can  be  taught  to  see 
this,  the  difficulty  of  raising  money  for  our  roads  will  be  overcome  and 
we  can  pass  beyond  the  "good-enough"  stage  in  road-building. 

Samuel  L.  Coopeb,  M.  Am.  Soc.  C.  E. — Mr.  Owen  advocates  Tel- 
ford roads,  and  uses  light  rollers  and  some  loam  as  a  binder.  He 
makes  good  roads  on  this  plan  at  reasonable  cost. 

Others,  particularly  Mr.  North,  advocate  Macadam  roads,  use 
steam  rollers,  and  no  loam.  There  are  plenty  of  examples  of  these 
roads  that  are  entirely  successful. 

Telford  roads  can  be  more  successfully  made  with  light  rollers 
than  Macadam  roads. 

The  Telford  roads,  put  together  with  loam  and  light  rolling,  stand 
because  the  water,  that  will  surely  find  its  way  through  the  metal,  is 
drained  away  through  the  Telford. 

The  Macadam  roads,  put  together  in  the  same  way,  will  go  to 
pieces,  because  subdrainage  is  not  provided. 

The  successful  Macadam  road-builder  must  omit  the  loam  and  seek 
the  utmost  consolidation  by  steam-rolling.  He  rnust  make  a  water- 
tight road,  and  a  more  perfect  surface  to  shed  the  rain.  It  would 
seem  to  be  plain,  that  a  Telford  road,  having  a  subgrade  rolled  to 
ultimate  resistance,  and  the  metal  consolidated  by  a  heavy  roller, 
without  any  loam,  would  be  a  more  durable  and  perfect  road  than  a 
Telford  road  on  Mr.  Owen's  plan. 

I  would  prefer  an  8-in.  Telford  road  made  on  Mr.  Owen's  plan  to 
an  8-in.  Macadam  road  made  on  the  same  plan,  namely,  with  some 
loam  and  with  light  rollers.  But  I  would  greatly  prefer  the  8-in.  Tel- 
ford road  made  with  no  loam  and  heavy  roller.  It  will  usually  be 
found  that  the  last  will  cost  little  or  no  more,  particularly  if  a  good 
local  stone  can  be  obtained  for  the  Telford. 

So  fur  as  repairs  are  concerned,  I  believe  that  Mr.  Owen's  method 
will  do  far  better  on  a  Telford  road  than  on  a  Macadam  road;  but  even 
if  Ave  could  make  roads  that  would  wear  uniformly,  which  I  doubt, 
there  are  certain  defects  that  are  sure  to  appear  in  most  roads,  due 
to  frost  and  storm,  and  not  to  faulty  construction,  which  should 
receive  immediate  attention.  I  believe  that  there  is  economy  iu  re- 
pairing in  the  fall  and  spring,  and  in  prolonged  spoils  of  drought  and 
wetness. 

There  are  more  chances  of  failure  in  Macadam  roads  than  in  Telford 
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roads,  because  the  latter  are  more  difficult  to  make  and  require  more 
attention  to  maintain. 

It  is  observed  in  the  discussions  on  this  paper,  that  while  the  con- 
tention begun  by  the  fathers  of  good  roads  as  to  the  relative  merits  of 
Telford  and  Macadam  pavements  is  not  yet  settled,  yet  the  majority 
strongly  advocate  the  Telford  construction;  and,  also,  that  of  the  advo- 
cates of  both  systems,  those  who  prefer  the  heavy  roller  are  in  a  large 
majority,  Mr.  Owen  himself  being  the  most  conspicuous  among  the 
minority. 

Personally,  I  prefer  the  Telford  road,  made  without  loam,  and  with 
a  steam-roller  used  with  judgment,  as  the  most  economical  and  per- 
fect road. 

E.  E.  Eussell  Teatman,  Assoc.  M.  Am.  Soc.  C.  E. — As  to  machine- 
broken  and  hand-broken  stone,  I  know  of  a  district  in  England  where 
the  stone  has  been  first  roughly  broken  by  machine,  then  hauled  to 
the  roads  and  piled,  and  there  broken  by  hand  to  the  finished  size. 
The  objection  found  to  the  machine-broken  stone  was  the  irregularity 
in  size  and  shape,  and  the  presence  of  long  narrow  pieces  which  pre- 
vented proper  binding.  The  preliminary  machine  work  was  probably 
to  save  the  time  that  would  have  been  required  in  breaking  down 
the  large  blocks  by  hand.  This  was  on  main  country  roads,  with 
heavy  traffic  and  near  large  towns.  Steam-rollers  were  not  used,  but 
it  was  proposed  to  employ  them  in  the  future.  The  English  practice 
is,  in  general,  to  give  constant  attention  to  the  road,  in  much  the  same 
way  as  the  maintenance  of  railway  track  is  carried  on,  for  road  main- 
tenance is  not  merely  the  laying  of  broken  stone.  There  are  regular 
gangs  of  men  on  the  road  sections  to  attend  to  general  maintenance, 
filling  up  incipient  ruts  and  depressions,  scraping  and  cleaning,  trim- 
ming grass  and  hedges,  clearing  gutters  and  ditches,  breaking  stone, 
etc.  In  the  spring  and  autumn,  when  more  extensive  repairs  are  to  be 
made,  sections  of  road  remetaled,  ditches  and  drains  and  culverts  to 
be  attended  to,  etc. ,  additional  men  are  employed.  The  country  roads 
are  divided  into  two  classes,  main  roads  and  district  roads,  and  all  road 
work  is  under  the  supervision  of  county  and  district  engineers,  who 
have  to  keep  records  of  expenses,  materials  used,  etc.,  and  to  report 
periodically  to  the  public  authorities.  For  removing  mud  the  wheeled 
scraper,  operated  by  hand,  is  largely  used.  The  form  is  shown  in  the 
rough  sketch,  Fig.  1,  and  as  the  length  of  the  scraper  is  made  up  of  a 
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number  of  separate  pieces,  of  r~  shape,  all  hinged  together,  the  edge 
accommodates  itself  to  any  slight  depressions,  and  does  not  tend  to 
injure  the  surface. 


Fl)2.       Rood     P.cke- 


Fia.l     .    Mud    Scfafit. 

Eeference  has  been  made  to  picking  up  the  old  road  surface,  before 
applying  fresh  stone,  by  means  of  picks  on  the  wheels  of  a  steam  road- 
roller.  In  the  autumn  of  1890  I  observed  the  remacadamizing  of  the 
roadway  of  the  Thames  Embankment,  in  London.  For  breaking  up 
the  surface  a  device  was  used  of  the  form  roughly  sketched  in  Fig. 
2,  which  was  hauled  along  the  roadway  by  a  traction  engine  or  road- 
roller  having  a  pair  of  carrying  wheels  instead  of  rollers  under  the 
smokebox.  It  is  a  small,  heavy  trolley,  consisting  of  a  cast-iron 
block  about  2  ft.  long,  mounted  on  little  wheels  and  fitted  at  each  end 
with  three  knives  or  "picks"  which  cut  three  parallel  furrows,  the 
depth  being  regulated  by  raising  or  lowering  the  block  by  means  of 
screws  on  the  vertical  shafts  of  the  end  wheels.  The  screws  are 
turned  by  wooden  levers,  the  ends  of  which  are  lashed  to  a  center  post 
when  not  in  use.  The  use  of  picks  at  each  end  is  to  avoid  having  to 
turn  the  trolley.  A  gang  of  men  with  picks,  spades  and  rakes  spread 
and  leveled  the  broken  surface.  The  new  Macadam  was  then  put  on 
and  rolled  dry  by  steam-rollers.  Then  a  binding  of  dark  yellow  gravel 
was  spread,  watered  and  rolled  until  a  wave  of  the  water  and  gravel 
flowed  in  front  of  the  roller.  Another  layer  of  gravel  was  then  spread 
and  rolled  to  the  finished  surface.  The  old  surface  was  well  watered 
before  being  picked.  The  new  stone  was  about  2i  to  3  ins.  in  size, 
evidently  machine-broken,  judging  by  the  number  of  long,  thin  pieces. 
Three-wheeled  carts  were  used  for  hauling  the  broken  stone  and 
gravel,  and  in  hauling  gravel  over  the  new  Macadam  they  were  not 
turned  round  when  empty,  but  the  horse  was  attached  to  the  rear  end. 
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Herbert  M.  Wilson,  M.  Am.  Soc.  C.  E. — It  may  be  of  interest  to  add 
a  few  words  to  this  discussion,  showing  the  method  employed  in  India 
for  constructing  and  maintaining  roads  of  the  character  described  in 
Mr.  Owen's  paper.  I  am  not  a  practical  road-builder,  and  therefore 
all  that  I  can  say  on  the  subject  refers  merely  to  personal  observation 
of  the  methods  used  on  such  roads. 

Throughout  India  there  is  a  system  of  public  roads  divided  into 
four  classes  ;  first,  the  main  or  military  roads,  which  are,  perhaps,  40 
ft.  in  width  and  macadamized  from  curb  to  curb  ;  the  second  class,  of 
the  same  width,  16  ft.  of  which  is  macadamized ;  then  the  third 
class,  perhaps  20  ft.  wide,  which  are  macadamized  for  a  width  of  8  ft. ; 
and  lastly,  the  farm  roads  which  are  not  macadamized  at  all.  These 
roads  have  been  built  without  the  aid  of  any  machinery  other  than 
crude  stone  rollers.  They  are  built  on  a  carefully  prepared  surface, 
generally  well  aligned  and  graded  by  engineers,  and  the  rolling  is  done 
by  rollers  pulled  by  men  or  bullocks,  and  weighing  2  or  3  tons  each. 

The  stone  employed  generally  throughout  Northern  India  for  road 
metaling  is  a  natural  hydraulic  limestone,  called  "Kunkar,"  a  stone 
which  I  should  judge  to  be  much  superior  to  that  referred  to  by  Mr. 
Callahan.  The  limestone  which  Mr.  Callahan  referred  to,  is,  I  believe, 
very  inuch  superior  to  the  ordinary  limestone  of  the  country.  In 
Southern  and  Central  India  trail  rock  is  chiefly  iised  for  road  metaling. 
No  stone  breakers  or  crushers  are  used,  and  the  stone  is  always  broken 
by  hand  in  small  pieces  of  about  li  to  2  ins.  in  diameter. 

So  much  for  the  building  of  the  road  and  the  use  of  light  rollers. 
The  roads  of  India  are  from  30  to  60  years  old,  yet  they  are  among  the 
best  roads  that  I  have  ever  observed.  The  surface  is  always  good  ; 
there  are  very  few  bad  places  on  these  roads  and  they  are  kept  in  ex- 
cellent repair.  This,  however,  I  do  not  think  is  to  be  accredited 
necessarily  to  the  method  of  making  or  rolling  the  road,  but  to  the 
patience  with  which  the  Indian  laborer  attends  to  the  needed  repairs. 
These  repairs  are  being  made  constantly  and  at  all  times.  Along  the 
roadsides  there  are  always  kept  piles  of  stone,  broken  or  ready  to  be 
broken,  and  when  the  laborers  are  not  busily  engaged  in  repairing 
small  patches  of  road  which  have  deteriorated,  they  are  seen  sitting  on 
the  piles  of  stone  breaking  them  up  with  hammers.  The  patient  man- 
ner in  which  they  repair  the  roads  doubtless  has  much  to  do  with  their 
excellent  condition. 
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William  S.  Bacot,  M.  Am.  Soc.  C.  E. — I  have  read  Mr.  Owen's 
paper  with  a  great  deal  of  interest,  and  there  are  many  things  in  it 
which  have  struck  me  as  being  particularly  good  ;  esjoecially  the  high 
ground  which  Mr.  Owen  takes  in  regard  to  what  the  general  character 
of  road-making  should  be.  He  seems  to  deprecate  particularly  the 
practice  of  making  roads  which  are  simply  "  good  enough,"  and,  in 
fact,  of  inferior  construction  generally. 

These  are  some  points  about  Mr.  Owen's  paper  that  I  would  take 
exception  to,  because  they  differ  so  materially  from  my  own  practice 
that  I  do  not  feel  as  if  I  could  endorse  them.  Mr.  Owen  does  not  seem 
to  be  in  favor  of  the  use  of  the  steam-roller  in  any  case,  but  in  my 
work  I  do  not  see  how  we  could  get  along  without  them.  We  have 
had  in  use  no  less  than  seven  steam-rollers  at  different  times,  varying 
in  weight  from  10  to  20  tons,  and  if  we  were  obliged  to  build  roads 
without  the  use  of  these  rollers  we  would  have  a  lot  of  stone  mixed  up 
with  mud  and  dirt,  as  we  have  found  often  to  be  the  case  when  we  were 
not  careful  to  roll  the  road  with  the  steam-rollers.  Mr.  Owen  alludes 
(Vol.  XXVII,  p.  618)  to  an  act  of  the  Legislature  of  the  State  of  New 
York,  and  in  an  analogous  fashion  accuses  the  people  of  Staten  Island 
of  being  a  little  bilious.  I  am  inclined  to  think  they  were  when  they 
allowed  their  member  of  Assembly  to  have  a  bill  of  that  kind  passed  ; 
in  one  particular,  if  none  other.  The  law  provides  very  specifically 
the  manner  in  which  the  road  should  be  built.  It  restricts  the  pack- 
ing material  to  one  thing,  that  is,  rock  dust  or  screenings.  You  cannot 
make  a  good  road,  in  my  estimation,  from  rock  dust  and  screenings 
alone.  It  is  impossible  to  make  such  a  road  without  a  steam-roller. 
And,  in  addition  to  that,  you  have  got  to  use  the  wet  method  of  making 
roads — you  must  have  water.  Of  course,  the  finer  the  screenings  are, 
the  more  nearly  it  approximates  to  sand,  the  quicker  it  will  bind  and 
the  more  solid  your  road  becomes. 

The  only  comment  I  have  to  make  on  the  practice  which  we  have 
followed,  to  a  large  extent,  is  this,  that  the  road  should  be  thoroughly 
saturated  with  water  at  the  start.  For  that  reason,  on  account  of  such 
excessive  use  of  water  the  earth  roadbed  must  be  very  compactly  rolled 
beforehand,  and  therefore  the  steam-roller  is  indispensable  in  that 
case.  Latterly  we  have  used  gravel,  sand  and  other  materials,  and 
even  cluv,  and  1  have  found  that  the  results  are  much  better,  not  only 
in  the  first  construction  of  the  road,  but  in  the  subsequent  wear  of  it, 
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particularly  in  dry  weather.  The  surface  of  a  road  built  of  nothing 
but  rock  dust  as  a  binder  breaks  in  the  first  dry  spell,  and  you  are 
compelled  to  water  it,  not  only  village  roads,  but  the  others,  for  the 
sake  of  holding  it  together.  In  wet  weather  they  are  inclined  to  be 
muddy.  The  use  of  a  little  clay  is  not  detrimental,  but  I  must  insist 
that  the  clay  be  used  very  moderately.  I  would  say  that  Mr.  Owen's 
limit  as  to  the  depth  of  it  was  more  correct  in  the  i  in.  than  as  to  the 
|  in.,  it  should  never  be  over  £  in. 

After  all,  gravel  seems  to  be  the  best  thing  for  binding  roads.  I 
have  found  nothing  as  good.  The  silica  in  the  sand  is  apt  to  grind  up 
in  traffic  and  it  soon  becomes  muddy,  just  as  screenings  will. 

In  conclusion,  the  only  thing  I  wish  to  lay  particular  stress  upon 
is  in  regard  to  comparative  merits  of  the  Telford  and  Macadam  roads. 
The  one  advantage  I  find  in  the  use  of  the  steam-roller  is  that  it  pro- 
duces a  Macadam  road  of  such  superior  character  that  it  takes  the 
place  of  the  more  expensive  Telford  construction.  An  8-in.  road  in 
which  gravel  is  used,  or  any  good  binding  material,  I  find  to  be  just 
as  good  as  a  Telford  road,  and  whether  there  could  be  any  discrimina- 
tion made  in  favor  of  the  Telford,  I  have  so  far  failed  to  discover.  In 
wet  soil  it  is  necessary  to  have  a  Telford  and  particularly  on  flat 
grades.  The  point  I  wish  to  make  is  that  without  the  steam-roller  we 
covdd  not  get  such  good  results  out  of  the  8-in.  roads;  therefore,  I 
claim  there  is  a  distinct  advantage  in  employing  a  steam-roller.  In  the 
Telford  roads  you  have  a  solid  foundation  underneath,  and  the  neces- 
sity for  the  roller  is  not  so  apparent,  and  I  can  therefore  understand 
why  Mr.  Owen  is  in  favor  of  the  Telford  roads.  I  am  sure  that  any  one 
who  looks  over  a  newly  finished  Telford  road  will  find  it  true  that  the 
traffic  does  little  to  destroy  the  surface  courses  overlying  the  Telford 
bottom.  In  the  Macadam  road  it  is  quite  different;  if  you  do  not  roll 
the  bottom  and  roll  the  first  and  second  layers,  the  road  is  almost  sure 
.  to  rut.  I  have  found  that  to  be  the  case  where  the  contractor  has  not 
observed  this  rule,  and  perhaps  has  introduced  a  little  too  much  of  the 
binding  material  in  addition.  When  the  traffic  rolls  over  the  road  it 
ruts,  and  there  is  a  great  deal  of  difficulty  in  straightening  out  the 
ruts.  The  only  way  to  cure  the  trouble  is  to  put  a  little  more  stone 
on  the  road  to  even  up  the  surface. 

Oscab  Saabye,  M.  Am.  Soc.  C.  E. — I  had   some   years  ago   a  few 
years  of  experience  in  road-making  in  Denmark,  and,  if  you  will  allow 
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me  the  time,  I  would  like  to  make  a  few  remarks.  Mr.  Owen  seems  to 
be  adverse  to  the  use  of  steam-rollers;  I  think  he  is  right.  As  a  rule, 
steam-rollers,  naturally  on  account  of  their  construction,  are  very 
heavy,  and  while  we  all  know  that  a  road  ought  to  be  rolled  well, 
there  is  still  such  a  thing  as  to  roll  it  too  well,  especially  in  places 
where  the  stone  is  not  as  hard  as  is  desirable.  There  are  miles  of 
such  places  in  this  country,  and  you  will  crush  the  surface  of  the  road 
as  long  as  the  steam-roller  is  there.  I  think  Mr.  Owen  is  right  in  say- 
ing that  the  use  of  horse-rollers  and  using  them  continually  for  a  long 
time  gives  a  better  result. 

Another  thing  that  is  not  always  desirable  in  regard  to  road-making 
is  to  crush  the  stone  by  crusher.  It  is  a  known  fact  that  stone,  es- 
pecially when  it  is  hard,  will  pack  better  if  the  corners  or  edges  of  it 
are  sharp,  a  result  that  you  seldom  obtain  by  using  the  stone  crusher. 
If  you  break  your  stone  by  hand  you  will  get  sharp  corners,  and  they 
will  pack  much  better — as  the  gentleman,  in  his  statement  in  regard 
to  the  excellent  roads  in  India,  says  that  all  the  stone  used  there  was 
broken  by  hand.  So  it  is  with  the  roads  I  saw  in  Europe  when  I  was 
there  last.  There  are  others  present  here  to-night  who  undoubtedly 
have  observed  that  the  roads  in  France,  too,  are  built  to-day,  to  a 
great  extent,  of  hand-broken  stone.  We  all  know  that  there  is  no 
country  to-day  which  has  better  roads  than  France.  While  in  the 
construction  of  a  new  road  you  may  properly  use  stone  broken  by  a 
crusher  to  advantage  in  the  lower  layers,  afterwards,  in  keeping  the 
road  in  repair,  it  is  certainly  a  fact  that  hand-broken  stone  answers 
the  purpose  much  better,  and  it  should  always  be  used  for  surface 
dressing. 

There  is  a  road  running  through  Denmark,  from  north  to  south, 
which  is  called  "The  King's  Highway,"  and  was  used  as  a  post  road 
in  the  old  days.  It  was  built  about  the  same  time  as  Macadam  ap- 
peared in  England.  It  is  a  very  wide  road  and  subjected  to  a  heavy 
daily  traffic.  The  driveway  proper  is  about  30  ft.  wide  and  macadam- 
ized. The  depth  of  the  macadam  varied  from  10  to  14  ins.,  as  neces- 
sary. All  the  stone  used  in  this  road  is  broken  by  hand.  The  size  of 
the  stone  varied  from  2£  to  2j  ins.,  and  each  layer  was  rolled  down, 
water  sprinkled,  with  small  horse-rollers.  As  a  surface  were  used 
smaller  stones,  about  1  to  1\  ins.  in  diameter.  I  see  Mr.  Owen  recom- 
mends thai  t  hat  should  be  the  proper  size  of  broken  stones.     I  agree 
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with  him  as  far  as  the  upper  layer  is  concerned,  but  for  the  lower 
layer  I  think  the  old  size  recommended  by  Macadam,  who  made  it  2£ 
to  2  J  ins.,  answers  better. 

I  notice  here  in  the  paper,  also,  that  Mr.  Brush  makes  an  objection 
to  macadamized  roads  because  they  are  so  dusty.  Most  of  the  roads 
I  have  seen  built  in  this  country  are  dusty,  sure  enough;  but  you  can 
ascribe  this  result,  to  a  certain  extent,  to  the  use  of  crushers  to  crush 
the  stone  with  ;  and  secondly,  to  the  use  of  heavy  steam-rollers. 
Their  use  is  cheap,  but  that  is  not  always  a  recommendation  in  public 
work.  The  durability  of  the  work  should  be  the  first  consideration, 
the  cost  in  regard  to  material  and  the  appliances  used  should  be  the 
second. 

Last  summer  I  had  occasion  to  make  observations  in  Roanoke,  Va.s 
for  about  5  or  6  miles  of  streets  which  were  being  paved  with 
Macadam.  They  put  down  from  6  to  12  ins.  of  stone.  They  used  the 
stone  crusher,  and  it  broke  itself  down  several  times  in  breaking  the 
stones.  A  heavy  steam-roller  was  next  applied  upon  a  top  dressing  of 
screenings.  The  result  was  that  about  eight  days  after  the  streets 
were  opened  for  travel,  they  were  dust  clouds  in  dry  and  mud  holes  in 
wet  weather. 

Mr.  Owen  also  says  in  his  paper:  "  After  using  light  horse-rollers 
constantly  a  certain  time,  throw  the  road  open  for  the  traffic;  le*  the 
travel  of  wagons,  etc.,  finish  it."  He  is  right  in  this  assertion;  but  we 
cannot  do  that  in  this  country  as  long  as  we  have  so  narrow  tires  on 
the  wagons.  They  do  it  abroad  to  a  certain  extent  because  they  have 
wide  tires.  If  we  should  throw  open  the  roads  here,  with  our  narrow 
tires,  we  would  simply  destroy  them.  I  think  a  law  was  passed  in 
Michigan  last  year  in  regard  to  the  width  of  tires,  and  I  think  it  would 
be  a  very  good  thing  if  it  was  made  general. 

I  shall  only  make  a  few  remarks  in  regard  to  the  repair  of  roads. 
It  is  not  always  necessary  to  repair  the  road  if  it  only  is  looked  well 
after  ;  that  means  that  men  should  be  constantly  employed  to  fill  in 
ruts,  clean  and  keep  open  the  drains,  etc.  In  Europe  there  are  always 
men  employed  along  the  road  for  these  purposes,  wdio,  when  they 
have  nothing  else  to  do,  as  in  India,  sit  along  the  roadside  and  break 
stone  by  hand.  The  roads  there  need  very  little  repair  because  they 
are  always  well  looked  after. 

John  Bogakt,  M.  Am.  Soc.  C.  E. — Mr.  Saabye,  what  kind  of  stone 
was  that  used  in  Denmark  ? 
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Mr.  Saabte. — We  used  granite,  and  very  hard  limestone  also.  This 
limestone  was  somewhat  sticky  ;  possessing  a  mortar-like  detritus. 
When  it  was  rolled  down  and  sprinkled  with  water,  it  soon  formed  a 
solid  mass.  I  made  some  chemical  examinations  of  this  stone,  but  I 
have  not  my  data  here  with  me. 

The  engineers  of  the  French  "Administration  dcs  Pouts  at  Ch(i»s- 
sees  "  have  made  some  very  carefully  conducted  examinations  of  the 
wearing  and  crushing  qualities  of  different  kinds  of  stones  for  road- 
making,  the  results  of  which  have  compared  fairly  well  with  actual 
experience  of  the  wear  in  roads.  The  following  table  shows  these 
results : 

Materials.  Coeff.  of  Wear.  Coeff.  of  Crushing. 

Basalt 12.5.... 24.2  12.1.... 16.0 

Porphyry 14.1. ...22.9  8.3. ...16.3 

Gneiss  10.3.... 19.0  13.4.... 14.8 

Granite 7.3 18.0  7.7 15.8 

Syenite 11. 6.... 12.7  12.4.... 13.0 

Slag 14.5.... 15.3  7.2.... 11.1 

Quartzite 13.8.... 30.0  12.3.... 21.6 

Quartzose   sandstone 14.3...  26.2  9.9.... 16. 6 

Quartz 12.9. ...17.8  12.3. ...13.2 

,    Silex 9.8. ...21.3  14.2.. ..17.6 

Chalk  flints  3.5.... 16.8  17.8.... 25.5 

Limestone 6. 6 ....  15. 7  6. 5 13. 5 

The  coefficient 20  Excellent. 

"  10  Sufficiently  good. 

5  Bad. 

J.  F.  O'Kourke,  M.  Am.  Soc.  C.  E. — I  am  very  sorry  that  none  of 
the  authorities  of  the  City  of  Poughkeepsie  are  here  this  evening, 
becaiise  I  think  they  could  add  another  element  to  the  dismission. 
The  speakers  appear  to  be  pretty  equally  divided  between  20-ton  roll- 
ers and  2-ton  rollers.  In  Poughkeepsie  they  did  better  than  that; 
they  ignored  the  question  of  rollers  entirely.  They  covered  almost 
every  street  in  the  city  with  perhaps  6  or  8  ins.  of  broken  stone,  and 
as  you  drove  along  the  gutter  it  looked  to  be  6  or  8  ft.  in  some  places. 
Nobody  got  in  anybody's  way  in  the  middle  of  the  street  for  a  long 
time.  Now  they  have  first-class  roads  there  and  it  is  to  be  regretted 
that  the  gentlemen  are  not  here  to  explain  how  those  roads  became  so 
good  without  any  rollers  at  all. 
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Calvin  Tomkins. — In  considering  a  road  as  a  floor  it  should  be 
borne  in  mind  tliat  its  efficiency  in  this  respect  is  largely  dependent 
upon  its  properties  as  a  roof.  This  is  especially  true  of  comparatively 
thin  roads,  and  roads  resting  on  bad  natural  bottoms. 

It  is  possible  by  making  the  roadbed  sufficiently  thick  to  ignore  a 
wet  bottom,  but  it  is  cheaper  to  arrange  for  a  dry  base  and  place  a 
thinner  road  on  it. 

Drainage  is  of  the  first  importance,  but  the  cost  of  drains  can  be 
greatly  modified  by  making  the  surface  of  the  road  as  nearly  water- 
tight as  possible. 

While  not  disputing  what  has  been  said  regarding  the  strength  and 
and  durability  of  trap  rock,  my  experience  brings  me  to  the  conclusion 
that  hard,  broken  limestone  has  a  capacity  for  binding  compactly  in 
the  road  surface  in  such  a  way  as  to  make  it  impervious  to  water,  and 
that  trap  rock  does  not  do  this  so  effectively.  In  any  case  I  am  sure 
that  broken  trap  requires  an  excessive  amount  of  heavy  rolling  to 
effect  what  can  be  accomplished  with  limestone  at  much  less  expense. 

The  photograph  of  an  actual  piece  of  dried- out  limestone  roadbed 
(Plate  XIV)  illustrates  this  point.  I  have  never  seen  broken  trap,  gran- 
ite or  any  stone  except  limestone  so  compacted  that  it  could  be  dislodged 
from  the  body  of  the  road  en  masse,  and  still  show  sufficient  cohesive 
power  to  hold  together  when  handled.  This  valuable  cohesive  prop- 
erty of  many  limestones  is  probably  due  to  the  solution  and  subse- 
quent crystallization  of  carbonate  of  lime.  The  cementing  action 
begins  as  soon  as  the  stones  are  laid,  and  the  quick  consolidation  of 
limestone  roads  so  frequently  attributed  to  the  comparative  softness 
of  the  stone  is  to  my  mind  in  the  case  of  the  harder  limestones 
erroneous. 

A  road  may  have  been  properly  constructed  of  clean  stone  and 
sharp  binder,  but  insufficiently  rolled,  or  clay  and  loam  may  have  been 
used  as  a  binder  and  subsequently  dried  out  in  the  summer;  in  either 
of  these  cases  the  stones  in  a  trap  or  granite  road  are  likely  to  become 
loose  and  work  out  of  place.  This  dislodgment  of  the  stones,  and  the 
consequent  friction  arising  among  them  in  the  body  of  the  road,  consti- 
tutes one  of  the  prolific  sources  of  wear  to  which  a  road  is  subjected, 
and  far  exceeds  that  of  the  erosion  of  travel  on  the  surface  of  a  thor- 
oughly compacted  road.  As  the  stones  wear  round  and  approximate 
to  clear  gravel  in  appearance,  it  becomes  increasingly  difficult  to  fix 
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them  in  place,  and  the  wear  is  accelerated.  Unless  roads  of  this  char- 
acter are  carefully  attended  to  in  periods  of  protracted  drought  this 
result  is  more  likely  to  be  the  rule  than  the  exception.  Limestone 
roads,  on  the  contrary,  not  only  continue  compact  under  the  dryest 
conditions,  but  consolidate  readily  in  the  first  instance  after  the 
spreading  of  the  stone.  As  a  consequence  of  the  foregoing,  the  su- 
perior  hardness  of  trap-rock  is  offset  in  many  instances  by  the  increased 
wearing  qualities  of  a  hard  limestone  road,  which  does  not  wear  by 
attrition,  and  which  is  likely  to  be  more  impervious  to  water. 

"While  I  do  not  wish  to  controvert  the  proposition  that  a  heavily 
traveled  road  constructed  of  clean  trap  stone  and  sharp  binder  and 
thoroughly  rolled  is  the  best  road,  yet  I  believe  that  a  road  constructed 
of  a  hard  silicious  limestone  is  more  expedient  and  better  adapted  to 
situations  where  the  following  conditions,  or  some  of  them,  prevail  : 

First. — When  suitable  limestone  can  be  obtained  much  cheaper 
than  trap. 

Second. — When  the  heavy  and  protracted  rolling  necessary  to  com- 
pact a  trap  road  laid  without  loam  or  clay  binder  cannot  be  afforded 
or  is  impracticable  for  other  reasons. 

Third. — On  country  and  suburban  roads  not  subjected  to  heavy 
travel. 

Fourth. — On  side-hill  roads  subjected  to  heavy  wash. 

Fifth.  —  Limestone  screenings  are  an  advantage  as  a  binder  in  roads 
constructed  of  trap  and  intended  for  heavy  travel. 

The  excellent  roads  of  Kentucky  and  southern  Pennsylvania  are 
almost  exclusively  constructed  of  the  local  limestones  which  are  so 
easily  adapted  to  quick  and  compact  road-making,  and  these  roads,  I 
believe,  are  the  oldest  metaled  ways  in  the  country.  In  the  vicinity  of 
New  York  City  I  would  instance  the  country  roads  about  Westchester 
and  New  Rochelle,  and  those  surrounding  many  of  the  Hudson  River 
towns. 

I  would  also  like  to  call  attention  to  the  remarks  on  limestone 
roads  iii  tin  excellent  English  work  of  Thomas  Codrington,  entitled 
"  The  Maintenance  of  Macadamized  Roads,"  particularly  to  pages  30, 
31,  33,  51,  70  and  71. 

.1  \mes  Hall,  LL.D.* — You  refer  to  a  discussion  upon  Mr.  Owens 
paper  on  Macadam  roads,  and  the  question  of  the  composition  of  lime- 

*  State  Geologist,  New  York,  in  a  letter  addressed  to  Mr.  E.  P.  North. 
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Sample  fragment  of  Limestone  Macadam  Roadbed  taken  out  of  Main  Street,  Haverstraw. 
N.  Y.,  showing  cohesive  action  of  limestone. 
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stones  in  regard  to  their  working  qualities.  Nearly  all  the  limestones 
which  are  commonly  quarried  consist  principally  of  carbonate  of  lime 
and  carbonate  of  magnesia,  with  a  small  admixture  of  argillaceous 
and  siliceous  matter.  The  wearing  qualities  depend  upon  the  texture 
of  the  rock,  the  fine  grained  and  compact,  wearing  longer  than  the 
coarser  kind.  A  limestone  with  any  considerable  portion  of  argilla- 
ceous matter  wears  much  more  rapidly  than  those  where  this  mineral 
is  in  small  jproportions.  A  siliceous  limestone,  or  one  where  there  is 
an  unusual  proportion  of  silica  in  the  composition,  will  wear  much 
longer  than  the  ordinary  limestone  which  is  composed  almost 
entirely  of  carbonate  of  lime  and  carbonate  of  magnesia.  The  earliest 
recorded  analyses  of  our  limestones,  which  is  accessible  to  me,  is  in 
Dr.  Beck's  report  upon  the  Mineralogy  of  the  State,  published  in  1842. 
Much  has  been  done  since  that  time  and  published  in  our  scientific 
journals,  but  I  am  not  aware  that  any  systematic  investigations  of  this 
kind  have  been  undertaken  until  Mr.  Smock  published  his  bulletin 
(No.  10)  upon  the  New  York  Building  Stones.  This  volume  contains 
more  information  than  any  other  source  to  which  I  can  refer  you. 

Your  suggestion  that  a  proper  selection  of  local  stone  will  lead 
to  more  road-building  than  a  reliance  on  trap  rock,  as  a  sole  material, 
is  worthy  of  serious  consideration.  While  trap  rock  may  be  the  most 
durable  material  for  roads,  we  find  good  roads  in  portions  of  the 
country  where  no  trap  rock  exists;  and  I  believe  from  what  I  have 
seen  that  a  large  proportion  of  the  excellent  roads  in  Switzerland  and 
other  countries  of  Europe  are  made  of  other  material  than  trap  rock. 
There  is  one  rock  in  our  geological  series  in  the  State  of  New  York 
which  makes  a  better  road  than  any  limestone  or  trap  rock  which  I 
have  seen  used.  This  is  known  in  our  nomenclature  as  the  cauda- 
galli  grit,  and  I  would  recommend  to  those  interested  in  road-making 
that  they  examine  some  roads  in  the  vicinity  of  the  outcrop  of  this 
rock.  Having  occasion  during  last  summer  to  follow  the  outcrops  of 
our  geological  formations,  especially  the  limestones  of  eastern  and 
central  New  York,  for  the  purposes  of  my  geologic  map  of  the  State, 
I  could  not  help  noticing  the  change  in  the  condition  of  the  roads 
whenever  we  approached  or  came  upon  this  rock. 

It  occurs  to  me,  however,  that  I  ought  to  say,  in  speaking  of  the 
cauda-galli  grit,  that  since  I  have  seen  it  used  only  on  country  roads 
where  there  is  only  the  ordinary  amount  of  heavy  traffic  of  farmers, 
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or  along  roads  leading  to  villages,  it  might  be  well  to  ascertain  whether 
it  is  such  a  rock  as  will  bear  the  heavy  traffic  over  roads  within  large 
towns  and  cities. 

Edward  P.  North,  M.  Am.  Soc.  C.  E. — An  apology  is  due  to  Mr. 
Grant  for  the  careless  use  of  one  word  in  my  remarks  at  the  reading  of 
Mr.  Owen's  paper.  In  the  sentence:  "There  is,  however,  one  to 
which  attention  might  be  called;  that  is,  an  unreasoning  application  of 
principles  of  construction  suitable  in  other  countries,"  etc.  "Con- 
struction," in  the  limited  sense  in  which  Mr.  Grant  has  taken  it,  is  not 
pertinent  to  what  immediately  follows,  viz. :  the  absence  of  shade  on 
the  roads  of  the  Central  Park,  which  do  glare  in  July  and  August, 
and  it  was  not  my  intention  to  reflect  adversely  on  either  the  methods, 
or  results  of  Mr.  Grant's  road-building. 

The  system  of  construction  adopted  by  him  nearly  30  years  ago 
for  the  Central  Park  roads  is  still  employed  in  this  vicinity  without 
material  modification  in  methods  or  materials.  The  roads  so  built 
stand,  I  think,  more  wear  combined  with  neglect  than  any  other  wheel- 
ways  surfaced  with  broken  stone.  They  are  better  made  than  a  Paris 
street  I  saw  under  construction,  and  are  decidedly  better  than  work  I 
saw  under  construction  on  the  Victoria  Embankment,  London.  This 
superiority  does  not  lie  noticeably  in  the  material  employed,  as  Hudson 
River  trap  is  not  much  better  than  the  porphyry  used  in  Paris  or  the 
Guernsey  granite  used  in  London,  but  it  lies  in  greater  skill  in  road- 
building,  more  honest  work  in  compacting,  tilling  and  puddling  the 
roadbed. 

Notwithstanding  the  superior  Avorkmanship  exhibited  in  the  con- 
struction of  many  of  our  broken-stone  roads,  foreigners  generally  have 
the  better  roads  to  ride  over.  A  determination  adopted  some  time 
since  in  Paris  to  substitute  other  pavements  for  broken  stone  when  the 
annual  cost  of  maintenance  exceeded  16  francs  per  square  meter,  or 
$2  57  per  square  yard,  as  compared  with  Mr.  Howe's  opinion,  that  a 
yearly  maintenance  charge  of  1  to  l£  cents  per  square  yard  is  high, 
points  either  to  much  better  road-building  by  Mr.  Howe,  or  to  much 
more  continuous  and  expensive  maintenance  in  Paris.  It  is  probable 
that  more  time  is  expended  on  the  maintenance  of  comparatively  un- 
important roads  in  Europe  than  on  our  best  roads,  so  that  the  supe- 
riority of  European  wheelways  is  due  more  to  continuous  maintenance 
than  to  excellence  of  building. 
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It  is  unpleasant  to  differ  from  so  much  high  authority  on  the  sub- 
ject of  narrow  tires.  Undoubtedly  a  broad  tire  is  less  destructive  to 
a  roadway  than  a  narrow  tire,  both  carrying  equal  loads  ;  but  the 
broad  tire  with  its  greater  weight  is  more  destructive  to  transporta- 
tion than  the  narrow  tire,  and  roads  are  built  to  facilitate  transporta- 
tion. The  arguments  of  the  broad-tire  reformers  will  immediately  call 
to  our  minds  the  old  proverb:  "A  man  who  would  thrive  must  rise  at 
five  "  a  proverb  which  received  logical  and  unassailable  amendments 
through:  "A  man  who  would  thrive  more  must  rise  at  four,"  to  the 
ultimate  conclusion  that  no  one  should  go  to  bed  at  all.  Opposed  to 
the  demand  for  broad  tires  is  the  fact  that  our  wagon-builders  combine 
their  skill  and  materials  into  the  lightest  vehicles  of  equal  strength 
made  in  the  world.  And  our  people  have  been  using  them  for  years. 
Because  a  broad-tired  wagon,  both  theoretically  and  actually,  causes 
less  wear  on  a  road  than  the  lighter  narrow-tired  wagon,  legislatures 
are  to  be  asked  to  pass  laws  compelling  us  to  go  about  our  business 
with  a  modified  road-roller. 

It  is  perfectly  practicable  to  get  such  a  law  passed,  possibly  in 
several  States.  A  few  men  may  be  fined  for  disobedience  of  such  a  law. 
Probably  a  great  many  may  be  hindered  in  the  transaction  of  their  busi- 
ness for  a  short  time  in  an  effort  to  enforce  it,  but  the  law  will  never 
be  enforced,  and  the  ultimate  result  of  its  enactment  will  be  another 
case  of  ill-considered  reform,  issuing  in  another  law  which  is  treated 
with  contumely  and  neglect.  Most  of  us  will  admit  that  there  are 
already  too  many  such  laws  on  our  statute  books. 

Narrow  tires,  as  pointed  out  by  Mr.  Owen,  are  very  efficient  in  com- 
pacting roads.  Their  great  disadvantage  lies  in  the  fact  that  nearly  all 
horses  are  inclined  to  take  such  direction  and  guidance  from  any  wagon 
track  which  they  see  that  the  wagon  they  draw  follows  the  same  track, 
and  the  compression  is  objectionably  concentrated.  While  a  lazy  driver 
will  encourage  his  horses  in  this  inclination,  few  will  give  sufficient 
attention  to  driving  to  sufficiently  distribute  the  compression.  Pos- 
sibly the  only  practicable  remedy  for  this  on  a  dirt  road  lies  in  fre- 
quently obliterating  the  wheel  marks,  so  that  the  travel  may  be  thrown 
upon  other  lines.  The  ordinary  wheeled  road-sci-aper,  which  does 
such  excellent  and  economical  work  in  forming  and  rounding  up  a  road- 
bed, may  be  used  with  even  greater  economy  in  moving  just  enough  of 
the  surface  of  the  road  to  obliterate  wheel  marks.     This  plan  requires 
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intelligent  and  frequent  maintenance.  On  a  road  made  with  friable 
stone,  the  small  heaps,  which  in  such  a  case  should  always  be  on  the 
roadside,  can  be  drawn  on  for  a  little  material  to  be  placed  in  any  track 
which  is  wearing  too  much. 

Reverting  once  more  to  "  good  enough  "  roads,  without  objecting  to 
the  best  roads,  it  may  be  asserted  that,  as  a  general  principle,  we 
will  not  have  the  best  roads  until  there  is  sufficient  confidence  in  their 
proving  remunerative,  to  induce  people  to  provide  the  money  neces- 
sary for  their  construction.  And  even  with  a  desire  for  good  roads, 
there  are  many  localities  so  impoverished  by  the  high  cost  of  their 
transportation  that  it  is  utterly  impossible  for  them  to  raise  money 
enough  to  build  a  Macadam  road.  The  apostle  of  good  roads  who 
goes  into  such  a  community  advocating  a  Telford  road  costing  $15  000 
per  mile,  or  even  a  Macadam,  road  costing  $5  000,  wastes  his  time  as 
utterly  as  one  trying  to  interdict  convenient  wagons  by  legislative 
enactment. 

It  seems  to  me  that  the  extension  of  good  roads  has  been  seriously 
retarded  in  this  country  by  the  too  general  adoption  of  unnecessarily 
thick  and  expensive  roads.  "When  we  remember  that  there  are  now 
some  70  or  80  miles  of  road  about  Bridgeport  that  were  built  under 
specifications  calling  for  only  4  ins.  of  road  metal,  some  of  which 
have  stood  for  seven  or  eight  years  under  considerable  traffic,  it  will 
occur  to  many  that  when  an  engineer  recommends  a  roadbed  from  8  to 
14  ins.  thick,  the  soil,  or  something  else,  should  be  carefully  examined. 

It  is  unfortunate  that  in  this  discussion  there  has  not  been  a  more 
rigorous  specification,  in  some  instances,  of  materials  and  methods 
used  in  the  roads  described,  e.g.,  when  Mr.  Owen  spoke  of  a  4-in. 
New  Jersey  road  that  was  "  blown  up  "  in  consequence  of  a  severe 
winter  spell,  it  would  have  added  to  the  general  knowledge  of  road- 
building  if  he  had  mentioned  that  the  road  was  horse-rolled  and  clay 
filled.  If  a  community  cannot  procure  a  steam  road-roller,  they  should 
make  a  horse-rolled  road,  when  trap  rock  is  used,  over  4  ins.  thick,  on 
all  but  sand  or  well-drained  gravelly  soils. 

I  wish  to  suggest  that  it  is  better  to  build  a  road  that  may  fail  in  a 
few  places  through  deficient  thickness,  than  to  build  a  road  so  thick 
that  there  is  no  possibility  of  its  breaking  through.  While  the  cost  of 
b  road  doesnotvary  directly  with  the  thickness  of  metal,  it  varies  very 
nearly  in  that  ratio,  as  most  of  our  roads  are  built  on  an  old  road  sur- 
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face,  and  any  unnecessary  thickness  either  locks  up  money  unremu- 
neratively  or  curtails  the  length  of  road  which  can  be  built  with  a 
given  sum,  and  the  value  of  any  road  to  the  community  using  it  bears 
some  not-yet-determined  relation  to  its  length.  The  above  suggestion 
should  not  be  considered  in  any  case  where  the  community  does  not 
possess  sufficient  intelligence  to  reinforce  and  repair  any  weak  spots 
that  may  be  developed. 

An  analysis  of  the  Dunderberg  limestone  referred  to  on  page  622 
(Vol.  XXVII)  is  given  in  Vol.  VHI  of  the  Transactions  of  this  Society, 
page  98.     It  is  as  follows : 

Lime 60. 20 

Alumina 11. 22 

Silica 6.13 

Magnesia 10.45 

Carbonic  acid 8. 00 

Water 4.00 

100.00 

James  Owen,  M.  Am.  Soc.  C.  E. — Mr.  Chairman  and  gentlemen,  I 
do  not  know  that  there  is  very  much  for  me  to  say  without  repeating 
practically  what  I  said  before.  I  don't  see  that  I  have  any  occasion  as 
yet  to  acknowledge  any  very  serious  or  glaring  error  in  my  statements 
or  deductions,  but  incidentally  one  or  two  points  have  been  raised,  to 
which  it  may  be  profitable  to  allude. 

In  the  first  place  I  want  to  endorse  Mr.  North  very  strongly  in 
one  point,  that  is,  in  relation  to  the  wide  tires,  particularly  in  the 
engineering  sense.  I  believe  railroad  engineers  when  they  design  the 
track,  now  design  it  for  any  locomotive;  they  do  not  tell  the  superin- 
tendent of  the  road  that  the  weight  of  the  locomotives  are  to  be  ad- 
justed for  the  track.  In  the  same  way  the  road  engineer  shoiild  make 
a  road  that  would  take  anything  that  could  come  upon  it.  In 
discussing  this  question  of  wide  tires  any  positive  action  tending  to  a 
change  is^an  attack  on  a  vested  industry.  To  pass  any  legislation  that 
would  overturn  any  practice  in  a  certain  line  of  business  is  not  judi- 
cious. In  a  meeting  in  my  State  the  question  came  up  and  I  opposed 
it  there,  as  I  do  here,  but  I  presume  they  will  pass  it. 

I  want  to  allude  to  a  criticism  of  Mr.  Prince  with  relation  to  the 
accepted  practice  in  European  countries.     I  would  state  that  in  the 
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report  that  was  issued  last  summer  with  regard  to  the  repairs  of 
roads  in  the  department  of  the  Ponts  et  Chaussees,  in  France,  I  was 
very  much  surprised  and  gratified  by  the  fact  that  that  system  was 
almost  uniform  with  the  system  that  I  had  arrived  at.  The  system  was 
one  of  repairing  in  large  areas  and  based  upon  the  practice  of  making 
the  road  as  perfect  as  possible  and  to  maintaining  that  perfection. 
Mr.  North  alluded  to  the  practice  of  putting  on  patches  of  screenings; 
as  I  said,  a  little  patching  will  last  a  few  months  and  then  you  have 
the  hole  there  as  before. 

With  regard  to  the  statement  of  Mr.  Oastler,  I  should  differ  very 
much  with  his  suggestion,  that  the  grading  of  the  roadbed  should  be 
level  instead  of  being  uniform  with  the  finished  surface  of  the  road.  I 
must  say  that  I  must  plead  ignorance  to  the  practice  as  I  have  never 
done  it;  if  you  crown  the  top  surface  of  the  road  you  obviously  lessen 
the  thickness  at  the  side  with  a  level  bottom,  and  thereby  reduce  the 
amount  of  the  metal  and  also  obviate  the  drainage  which  might  take 
place  in  the  bottom  of  the  Telford  through  the  interstices.  In  fact,  I 
might  state  here,  as  to  my  own  practice,  that  in  my  specifications  for  a 
Telford  road  20  ft.  wide,  when  I  come  to  the  meeting  of  two  grades  I 
construct  on  each  side  to  the  outlet  in  the  culvert  a  blind  drain;  this, 
if  made  of  Telford,  would  carry  the  water  passing  through  the  Telford 
and  conduct  it  to  the  side,  and  so  away  from  the  end.  If  I  had  it  level 
that  contingency  could  not  be  adopted. 

Mr.  Saabye's  allusion  to  the  qitestion  of  hand-broken  stone,  I 
think,  contains  a  good  deal  of  truth.  I  have  a  road  of  about  9  miles 
in  length  which  is  entirely  kex>t  in  repair  by  hand-broken  stone.  I 
would  state  that  the  stone  is  broken  by  a  number  of  gentlemen  who  sit 
in  a  long  row  and  do  it  with  a  hammer.  They  are  convicts.  They  sit 
there  on  short  seats,  and  each  man  breaks  about  £  yd.  a  day. 
We  get  enough  stone  from  them  to  repair  about  9  miles  of  road. 
I  think  there  is  a  superiority  in  hand-broken  stone;  it  is  of  a  square 
shape,  with  a  better  binding  power.  I  am  doubtful  whether  the  econ- 
omy of  the  machine-broken  stone  is  better  than  the  hand-broken  stone. 
In  the  construction  of  the  tunnel  of  the  D.  L.  &  W.  road  through  Bergen 
Hill  they  broke  all  the  stone  used  for  ballast  by  hand ;  they  thought  it 
was  cheaper  to  break  it  by  hand  than  to  crush  it  by  machinery. 

I  do  not  think  there  is  anything  more  to  allude  to,  except  that  I 
wish  to  criticise  one  point  of  Mr.  Bacot's  where  he  speaks  of  an  8-in." 
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Macadam.  I  wish  to  submit,  with  all  due  respect,  that  an  8-in.  Mac- 
adam is  anomalous.  I  build  my  Telfords  of  8  ins.,  and  you  can  see 
that  it  is  better  when  you  consider  the  amount  of  hammering  it  has  to 
go  through.  An  8-in.  Macadam  is  not  as  economical  as  an  8-in.  Tel- 
ford. I  have  built  6-in.  Telfords,  but  I  would  not  suggest  that  as  a 
practice. 

I  wish  to  allude  to  one  thing  in  the  cost  of  repairs,  and  that  is  the 
difference  between  an  8-in.  and  a  6-in.  road.  In  a  certain  township  in 
New  Jersey  they  are  building  a  number  of  roads.  They  started  them 
Avith  the  idea  of  saving  money  and  building  6-in.  roads.  They  found 
by  experience  that  a  6-in.  road  that  cost  68  cents,  I  think,  originally  to 
build,  at  the  end  of  three  years  had  to  be  repaired  at  a  cost  of  48  cents. 
The  result  was  that  the  arguments  for  thicker  roads  prevailed,  and 
now  no  roads  thinner  than  8  ins.  are  built,  and  at  the  end  of  last  year 
they  had  a  balance  in  the  treasury  of  $4  000,  due  to  the  less  cost  of 
repairs  in  8-in.  roads. 

Mr.  Nokth. — Was  that  road  made  with  the  horse-roller? 

Mr.  Owen. — Yes,  sir. 
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ASPHALTUM  FOR  RESERVOIR  LININGS.— DISCUS- 
SION ON  PAPER  No.  566.* 


By  R.  C.  Gemmell,  C.  B.  Bkush,  S.  Whinery,  J.  F.  Flagg,  W.  B. 
Parsons,  R  L.  Harris,  Foster  Crowell,  M.  Fargusson,  F. 
Coleingwood,  E.  P.  North  and  J.  F.  O'Bourke. 


R.  C.  Gemmell,  Assoc.  M.  Am.  Soc.  C.  E. — A  description  of  the 
asphaltuin-lined  reservoir  for  the  city  water  works  of  La  Grande,  Ore. , 
may  be  of  interest  in  connection  with  Mr.  Schuyler's  paper.  This 
reservoir  was  planned  about  a  year  ago  by  my  partner,  Mr.  A.  L. 
Adams,  and  myself,  and  was  constructed  during  the  summer  of  1892. 

The  reservoir  is  oval  in  form,  part  in  excavation  in  heavy,  clayey 
soil,  and  2>art  in  embankment  made  from  the  excavated  material,  with 
inner  side  slopes  of  3  to  1.  The  depth  of  water  is  lo  it.,  area  of  sur- 
face 20  880  sq.  ft.,  and  capacity  1  000  000  galls.  The  lining  consists 
of  one  layer  of  brick,  laid  dry  on  edge,  covered  by  a  layer  of  bitumen 
•j!  in.  in  thickness. 


*  "  The  Use  of  Asphaltum  for  Reservoir  Linings,"  by  James  D.  Schuyler,  M.  Am.  Soc.  C.E., 
Vol.  xivii,  page  G29. 
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After  the  earth  had  been  excavated  and  embankment  made,  the 
whole  inner  surface  of  the  reservoir  was  thoroughly  tamped  with  iron 
tamps  weighing  about  25  lbs.  and  having  end  areas  of  about  28  sq. 
ins.  The  bricks  were  then  laid  on  edge  and  settled  solidly  into  place 
by  tamping,  the  joints  and  cracks  being  brushed  full  of  clean  sand. 
Coal  tar  was  used  as  a  flux,  the  proportions  being  1  part  of  tar 
to  8  or  9  parts  of  California  rock  asphaltum,  by  weight.  As  the 
reservoir  was  in  a  certain  sense  an  experiment,  there  was  some  ques- 
tion as  to  the  proper  percentage  of  flux  that  should  be  used,  the  idea 
being  to  use  as  small  a  percentage  of  tar  as  possible.  The  mixture 
was  "  cooked  "  in  a  semi-cylindrical  kettle,  about  8  ft.  long  by  4  ft. 
wide  by  2  ft.  deep,  set  up  between  8-in.  brick  walls,  with  bottom  of 
kettle  about  18  ins.  from  the  ground.  A  "  batch  "  consisted  of  about 
1  600  lbs.  of  asphaltum,  with  from  10  to  12%*  of  tar  added.  Each 
batch  was  cooked  five  or  six  hours,  being  continually  stirred  until  the 
mass  became  liquid  and  homogeneous.  A  large  bucketful  at  a  time 
was  then  taken  out  of  the  kettle  by  two  men,  and  spread  in  a  thin 
layer  over  the  bricks  by  means  of  shovel  and  broom.  It  required  two 
layers  put  on  in  this  way,  to  make  the  requisite  thickness  of  f  in.  As 
much  sand  as  would  adhere  to  it  was  sprinkled  over  the  last  layer 
while  it  was  yet  hot. 

During  the  progress  of  the  work  I  made  a  number  of  tests  of  the 
tenacity  of  the  asphaltum  by  dipping  the  ends  of  two  bricks  in  the 
mixture,  pressing  them  together  and  allowing  the  asphaltum  to  cool, 
then  breaking  the  joints.  In  each  case  the  asphaltum  remained  intact; 
and  the  joint  broke  by  a  thin  layer  of  the  end  of  the  weaker  brick 
stripping  off  and  adhering  to  the  asphaltum.  Through  carelessness,  a 
rock  about  6  ins.  in  diameter  was  shoveled  out  of  the  bucket  with  the 
asphaltum  and  allowed  to  remain  until  it  had  cooled.  I  instructed  the 
men  not  to  try  to  break  the  rock  off,  for  fear  of  damaging  the  lining ; 
but  one  of  them  misunderstood  me  and  struck  the  rock  a  heavy  blow 
with  a  sledge.  It  broke  off  all  around  where  the  asphalt  gripped  it, 
with  no  appearance  of  damaging  the  lining. 

This  reservoir  has  never  leaked.  During  the  process  of  excavating, 
two  or  three  very  small  springs,  or  rather  "seeps,"  were  discovered 
in  the  bottom  of  the  reservoir  and  in  the  sides  close  to  the  bottom,  and 
it  was  thought  best  to  tile  drain  the  bottom.  This  was  done,  the  pipe 
being  brought  out  through  the  entry  trench  together  with  the  other 
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pi2)es  and  connected  with  the  overflow  pipe  below  the  gate  well.  Only  a 
little  trickling  stream  came  from  these  "seeps"  through  the  drain, 
and  after  the  water  had  been  turned  into  the  reservoir  no  difference 
could  be  noted  in  the  discharge  ;  hence,  the  above  statement  that  the 
reservoir  has  never  leaked  seems  justifiable.  The  lining  was  considered 
a  success,  but  liquid  asphaltum,  instead  of  coal  tar,  should  have  been 
used  as  the  flux. 

The  cost  of  the  lining,  including  the  asphaltum,  tar,  bricks,  sand, 
wood  and  labor  of  mixing  and  spreading  the  asphaltum  and  laying  the 
bricks  was  about  12 J  cents  per  square  foot.  The  labor  averaged  $2.25 
per  day  for  man,  and  $4  per  day  for  man  and  team,  ten  hours. 

A  description  of  a  small  asphaltum-lined  reservoir  for  the  City 
Water  Works  of  Waitsburg,  Wash.,  just  completed  (January  22d)  may 
also  be  of  interest.  This  reservoir  we  planned  after  Mr.  Schuyler  had 
kindly  given  us  by  a  letter  a  description  of  the  asphaltum-lined  reser- 
voir built  at  Denver.  It  is  constructed  part  in  excavation  in  light, 
ashy  soil  and  solid  rock,  and  part  in  embankment  made  from  the  earth 
excavation,  with  inner  side  slopes  of  1\  to  1.  The  depth  of  the  water 
is  10  ft.,  area  of  surface  12,000  sq.  ft.,  and  capacity  about  420  000  galls. 
The  lining  consists  of  one  layer  of  the  asphaltum  and  sand  paving 
1$  ins.  thick,  covered  by  a  layer  of  pure  asphaltum  about  i  of  an  inch 
in  thickness. 

After  the  excavation  was  completed,  the  hollows  in  the  surface  of 
the  rock  excavation  were  filled  in  with  puddle,  well  tamped  ;  and  the 
whole  of  the  inner  surface  of  the  reservoir  was  brought  to  a  proper 
slope  and  grade.  The  embankment  was,  during  the  process  of  con- 
struction, watered,  rolled  and  wheeled  over,  to  make  it  as  solid  as  the 
nature  of  the  material  would  permit  without  actually  puddling  it.  and 
before  the  paving  was  put  on,  the  inner  surface  of  the  reservoir  was 
thoroughly  rolled  with  an  iron  roller  weighing  a  little  over  800  lbs. 

Las  Conchas  asphaltum  was  used  as  a  flux,  the  proportions  being 
2  parts  of  it  to  8  parts  of  rock  asphaltum.  The  asphaltum  was 
cooked  from  10  to  12  hours,  and  then  mixed  with  clean,  sharp  sand 
in  the  proportions  of  1  part  of  asphaltum  to  5  parts  of  sand,  by 
weight.  The  sand  was  first  heated  to  a  temperature  of  about  200° 
Falir. ,  and  the  mixing  was  done  in  the  sandpan  bv  four  or  five  men 
with  hoes  and  shovels.  This  was  done  within  a  few  feet  of  the  reser- 
voir site,  and  the  mixture  was  delivered  in  place  by  wheel-barrows  at  a 
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temperature  ranging  from  300  ?  to  3-40  Fahr.  It  Avas  then  spread  out  in 
a  layer  of  uniform  thickness  with  hot  rakes  and  thoroughly  rolled 
with  the  800-lb.  iron  roller,  which  was  kept  hot  by  means  of  a  charcoal 
fire  in  the  pan  hung  inside  of  the  roller.  The  paving  was  put  on  in 
vertical  strips,  the  edge  being  painted  with  pure  asphaltum  each  time 
before  the  next  strip  was  put  on,  thus  probably  making  the  joints 
stronger  than  any  other  part  of  the  paving. 

After  water  had  been  standing  in  this  reservoir  about  five  days,  a 
break  occurred  in  the  lining  near  the  bottom  over  the  entry  trench, 
and  the  water  worked  its  way  out  along  the  pipes  and  around  the 
concrete  cut-off  walls.  Investigation  showed  that  the  first  joint  in  the 
drain  pipe  from  the  reservoir,  just  inside  of  the  first  cut-off  wall,  had 
not  been  caulked.  The  end  of  the  pipe  was  plugged  up,  and  this  joint 
leaked  badly  under  very  small  pressure.  The  supposition  is  that,  during 
the  five  days  the  water  stood  in  the  reservoir,  the  leakage  from  this 
joint  was  sufficient  to  cause  the  earth  in  the  entry  trench  next  to  the 
lining  to  settle  away  from  it,  leaving  the  lining  alone  to  stand  the 
pressure  of  the  water  in  the  reservoir.  Great  care  was  taken  in  back- 
filling the  entry  trench,  to  water  and  ram  the  material  thoroughly; 
but  it  was  a  difficult  matter  to  make  a  solid  bank  of  such  light,  ashy 
earth.  The  hole  in  the  lining  was  about  6  ins.  in  diameter,  and 
around  it  the  lining  was  dished  in  like  a  bowl,  showing  the  great 
tenacity  of  the  material.  I  found  that  on  one  side  of  the  hole  the 
lining  had,  in  the  distance  of  7  ins.,  bent  in  4  ins.  below  the  face  of 
the  reservoir  without  cracking.  The  reservoir  has  been  repaired  at  a 
comparatively  small  cost  by  the  original  contractor,  who  was  still  on 
the  ground. 

The  cost  of  the  lining,  including  asphaltum,  sand,  wood  and  labor, 
was  about  12 h  cents  per  square  foot.  The  labor  averaged  $2  per  day 
for  man  and  $3.50  per  day  for  man  and  team,  nine  hours. 

The  rock  asphaltum  used  at  Waitsburg  averaged  in  weight  about 
86  lbs.  per  cubic  foot,  and  the  mixture  of  liquid  and  rock  asphaltum, 
after  being  boiled  10  or  12  hours,  then  poured  in  a  mould  and  allowed 
to  cool,  weighed  about  77  lbs.  per  cubic  foot.  A  series  of  experi- 
ments to  determine  the  proper  percentages  of  flux  and  rock  asphaltum 
that  should  be  used,  the  best  proportions  of  the  asphaltum  and  sand, 
and  the  proper  length  of  time  for  cooking  the  asphaltum,  would  be 
interesting  and  useful.     With  this  in  mind  we  prepared  a  number  of 
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sample  bricks,  but  have  not  yet  had  an  opportunity  to  test  them.  The 
percentage  of  asphaltum  used  at  Waitsburg  was  not  high  enough  to 
give  the  best  results.  In  my  judgment  at  least  20,%*  of  asphaltuni 
should  be  used,  and  25%"  would  be  better. 

Charles  B.  Brush,  M.  Am.  Soc.  C.  E. — The  paper  is  very  interest- 
ing. It  treats  of  a  subject  in  relation  to  which  we  have  had  very  little 
experience,  or,  at  least,  I  have  had  very  little  experience.  If  it  is  true 
that  reservoirs  can  be  lined  with  as]>halt  in  the  way  described,  at  half 
the  cost  of  ordinary  lining,  and  that  the  reservoir  can  be  made  im- 
pervious to  water  and  at  the  same  time  can  stand  such  a  test  as  is 
described  in  this  paper,  that  of  allowing  the  water  to  freeze  and  be- 
come fast  to  the  asphalt,  and  all  this  without  injury  to  the  asphalt  and 
without  impairing  the  water-tight  character  of  the  lining,  it  is  certainly 
something  that  requires  very  serious  and  earnest  consideration. 

Another  feature  which  has  been  referred  to  is  the  ease  with  which 
a  repair  is  made  in  case  of  a  leak.  I  am  not  familiar  with  the  paper — 
I  have  just  glanced  over  it  hastily — but  if  I  remember  correctly,  it  was 
stated  that  an  opening  100  ft.  in  length  and  6  ins.  wide  was  repaired  at 
a  very  small  cost,  some  $20,  I  think. 

If  that  is  a  fair  indication  of  the  ease  and  economy  of  repairing  such 
an  opening  in  the  side  of  a  reservoir,  it  certainly  is  a  very  interesting 
fact  and  it  will  be  appreciated  by  anybody  who  has  been  called  upon 
to  repair  a  leak  in  a  bank  of  a  reservoir  ;  such  a  repair  is  usually 
made  at  an  expense  that  runs  into  thousands  of  dollars  rather  than 
hundreds. 

This  is  the  first  time  that  I  have  heard  this  question  intelligently 
discussed.  I  have  heard  many  claims,  but  I  have  never  seen  the  subject 
presented  in  so  clear  a  way.  Ihoped  that  some  of  those  who  are  famil- 
ial- with  the  use  of  asphalt  might  have  been  with  us  to-night  and  would 
talk  with  us  on  the  subject.  It  is  unfortunate  tor  us  that  Mr.  Schuyler 
is  in  the  extreme  West  where  we  cannot  get  at  him  and  ask  him  ques- 
tions. <)ur  friend,  Mr.  Whinery,  is  with  us  to-night,  and  perhaps  can, 
without  attempting  to  discuss  the  paper,  which  is  possibly  a  delicate 
matter  for  him  to  do,  inform  us  a  little  further  in  relation  to  the  uses 
of  asphalt  in  this  country.  As  described  here  it  seems  as  though  it 
would  he  perfectly  feasible  at  any  location  or  in  am  Locality  to  con- 
struct a  lining  for  a  reservoir  as  described  in  this  paper.  There  would 
seem  to  be  no  reason  for  not  doing  so,  and  yet,  perhaps,  then'  may  be. 
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Whether  there  is  anything  in  our  eastern  climate  which  differs  from 
the  western  which  would  make  a  lining  of  this  kind  not  advisable  is 
something  which  we  would  all  be  interested  to  know.  In  the  clear, 
dry  climates  of  the  extreme  West  a  great  many  things  are  done  with 
cement  and  asphalt  which  do  not  seem  to  succeed  with  us.  For  in- 
stance, stucco  plastering  of  houses  in  New  York  City  is  a  perfect  fail- 
ure ;  it  has  always  been  attended  with  most  unsatisfactory  l-esults,  while 
the  stuccoing  of  houses  in  the  West  seems  to  be  entirely  satisfactory. 
Whether  there  is  anything  in  the  moist  climate  of  the  East  near  the 
seashore,  or  whether  there  is  anything  in  the  rapid  changes  in  tempera- 
ture in  connection  Avith  the  moist  climate  which  would  have  a  similar 
effect  on  the  use  of  asphalt  for  lining  reservoirs  as  it  does  on  the  stuc- 
coing of  houses,  would  be  an  interesting  inquiry.  It  is  certainly  very 
important  that  we  should  learn  all  we  can  in  connection  with  the  mat 
ter,  and  I  would  like  to  ask  Mr.  Whinery  the  simple  question,  whether, 
in  his  experience  with  asphalt,  anything  has  led  him  to  suppose  that 
if  these  results  obtain  in  the  West,  as  described  in  this  paper,  they 
would  also  obtain  if  applied  in  the  East,  and  also  whether  the  proba- 
bility of  durability  is  sufficiently  great  to  warrant  the  use  of  such  a 
lining  for  a  reservoir  in  this  eastern  section  of  the  country.  If  Mr. 
Whinery  could  enlighten  us  to  any  extent  on  the  subject  we  would  all 
be  very  much  pleased  to  have  him  do  so,  or  if  any  one  else  in  the  So- 
ciety could  contribute  to  the  discussion  on  this  subject,  he  would 
certainly  be  a  public  benefactor  to  all  who  are  engaged  in  trying  to 
make  reservoirs  water-tight. 

Samuel  Whinery,  M.  Am.  Soc.  C.  E. — About  five  years  since,  some 
two  weeks  after  I  first  became  interested  in  the  asphalt  business,  a 
member  of  this  Society  who  was  then  constructing  the  new  water 
works  at  Covington,  Ky. ,  came  to  me  to  ask  whether  it  would  be  prac- 
ticable to  line  the  new  reservoirs  with  asjihalt.  I  knew  almost  nothing 
about  the  subject  at  the  time,  but  in  thinking  over  the  matter  there 
occurred  to  me  some  objections.  The  time  allowed  to  discuss  or 
consider  the  project  was  so  short  that  it  was  concluded  to  drop  the 
matter. 

One  of  the  questions  which  occurred  to  me  then  was  this:  like  all 
other  substances  in  Nature,  asphalt  contracts  with  cold  and  expands 
with  heat.  Now,  while  the  asphalt  lining  of  a  reservoir  would  not  be 
exposed  to  the  same  range  of  temperature  that  as})halt  pavements  are 
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on  streets,  still  it  would  be  exposed  to  very  considerable  changes  in 
that  respect.  Certainly  the  change  from  the  warmth  of  ordinary  reser- 
voir water  in  summer  to  a  temperature  perhaps  many  degrees  below 
freezing  is  very  considerable.  Last  winter  I  undertook,  rather  unsuc- 
cessfully, to  determine  the  coefficient  of  expansion  and  contraction  of 
asphalt  in  the  form  in  which  it  is  used  for  pavements.  The  results 
were  cpiite  contradictory  and  not  at  all  satisfactory.  As  nearly  as  I 
could  determine  from  those  experiments  the  coefficient  of  expansion  is 
about  half  that  of  wrought  iron.  We  propose  to  repeat  those  experi- 
ments in  a  different  form  this  winter  and  hope  to  determine,  at  least 
approximately,  the  coefficient  of  expansion  of  the  material. 

In  summer  time  the  contraction  of  the  material  would  make  little 
difference,  because  it  would  be  sufficiently  malleable  to  draw  out  or  com- 
press, as  might  be  necessary, without  breaking;  but  at  low  temperatures, 
say,  30D  Fahr.,  or  perhaps  lower,  depending  upon  the  richness  of  the 
mixture  and  consistency  of  the  bitumen,  it  might  become  so  brittle  as 
to  crack  instead  of  yielding  or  drawing  out.  I  would  think  that  dur- 
ing very  cold  weather  in  winter  when  the  reservoirs  were  frozen  to  a 
depth,  as  I  understood  Mr.  Schuyler  to  state,  of  18  ins. ,  there  would 
be  danger  of  small  cracks  forming,  which,  of  course,  would  allow  leak- 
age through  the  reservoir  covering  to  some  extent. 

There  was  one  other  feature  about  which  I  had  some  doubt.  Pure 
bitumen  is  impervious  to  water,  but  when  you  mix  it  with  sand  you 
make  a  more  or  less  porous  mass  which  is  not  perfectly  impervious. 
The  best  Trinidad  asphalt  pavements  will  absorb  from  3  to  4",,  of 
water;  like  all  other  substances  of  a  porous  nature,  the  material  will 
gradually  soften.  A  street,  for  instance,  paved  with  asphalt  if  not  ex- 
posed to  travel,  or  in  the  gutters  where  there  is  little  or  no  travel,  gradu- 
ally shows  a  disposition  to  soften  and  become  more  porous;  whereas, 
in  the  middle  of  the  street,  where  it  is  subjected  to  the  compressive 
effect  of  travel,  this  tendency  is  effectually  counteracted.  I  would  be 
afraid  that  in  the  course  of  time  this  asphalt  coating,  particularly  if 
made  up  with  a  large  proportion  of  sand  in  its  composition,  might  be- 
come more  or  less  porous  and  gradually  soften  and  lose  its  perfect 
resistance  to  percolation.  I  think  the  method  described  in  the  paper 
of  applying  bhe  material  is  probably  as  effective  us  any  other.  There 
would  be  a  very  delicate  question  as  to  what  was  just  the  right  mixture 
of  bitumen.     We  find  that  a  variation  of  1%  in  the  amount  of  oil  used 
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for  tempering  the  bitumen  in  the  composition  for  paving  purposes  is 
sometimes  sufficient  to  determine  whether  the  resulting  pavement  is 
good  or  bad.  If  I  wished  to  line  a  reservoir  with  this  material,  I  should 
make  a  careful  series  of  experiments  to  find  just  the  proper  composition 
for  the  purpose.  I  now  see  no  good  reason  why  a  coating  of  asphaltic 
concrete  made  in  this  way,  quite  rich  in  bitumen  and  made  of  the 
proper  consistency  and  properly  put  on,  should  not  make  a  very 
effective  lining  for  reservoirs,  and  I  think  it  would  be  reasonably  per- 
manent. I  think  Mr.  Schuyler's  figures  as  to  the  cost  would  be  a  safe 
basis  to  estimate  upon.  It  is  possible  that  a  lining  of  the  thickness  he 
used  might  be  put  on  for  considerably  less  than  the  figures  he  gives, 
but  even  at  that  cost  it  would  not  be  a  very  expensive  experiment,  and 
it  is  one  well  worth  trying  by  all  water  works  engineers. 

I  ought  to  repeat  that  I  have  had  no  experience  in  this  character  of 
work,  and  only  judge  from  my  general  knowledge  of  the  material. 

Mr.  Brush. — I  would  like  to  ask  one  question.  Mr.  Whinery  spoke 
of  asphalt  concrete  and  said  that  it  would  be  desirable  as  a  lining. 
Does  he  mean  a  concrete  formed  of  broken  stone  and  asphalt  ? 

Mr.  Whinery. — No,  sir;  formed  of  sand  and  asphalt.  That  is  a 
general  term  in  the  asphalt  business,  paving  material  being  often  called 
asphaltic  concrete.  There  is  a  material  distinctively  known  as  bitu- 
minous concrete,  which  is  made  up  of  coal  tar  and  sand  and  broken 
stone. 

Mr.  Brush. — I  want  to  ask  Mr.  Whinery  if  he  would  have  a  greater 
feeling  of  security  as  to  the  lining  of  the  reservoir  if  it  was  laid  upon  a 
concrete  4  to  6  or  8  ins.  thick,  of  stone  and  asphalt  or  tar  or  any  proper 
mixture,  and  then  this  lining  put  on  the  top,  whether  he  would  feel  any 
more  security  in  the  bank  than  if  the  lining  were  put  on  the  earth.  I 
am  not  now  speaking  of  the  security  of  the  bank,  but  rather  of  the 
security  of  the  asphalt,  and  for  the  purpose  of  enabling  the  asphalt  to 
be  put  on  clean. 

What  I  wish  to  ask  is,  whether  he  would  have  any  greater  faith  in 
the  lining  of  the  reservoir  if  the  coating  of  stone  concrete  mixed  with 
asphalt  or  cement  or  tar,  or  any  other  mixture,  were  put  on  the  bank, 
and  the  asphalt  put  over  it,  and,  if  so,  which  mixture  he  would  prefer? 

Mr.  Whinery. — I  would  say  the  asphalt  coating  must  have  a  suffi- 
cient support.  The  pressure  is  not  very  great,  so  that  if  the  support 
is  uniform  and  of  the  strength  of  ordinary  compressed  clay  I  think  it 
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would  be  sufficient,  provided  you  felt  sure  the  clay  would  not  settle. 
What  you  need,  in  using  a  coating  of  that  kind,  is  some  rigid  surface  on 
which  to  put  it.  Not  necessarily  a  surface  of  very  great  strength,  but 
one  that  will  sustain  the  load  without  failure  or  settlement.  If  you 
have  a  bank  that  you  are  sure  will  not  settle,  it  will  afford  sufficient 
support  for  the  asphalt  lining.  If  you  think  the  bank  is  not  secure, 
then  a  hydraulic  concrete  foundation  would  be  better. 

Mr.  Brush. — I  asked  the  question  because  I  have  never  seen  a  reser- 
voir bank  that  is  homogeneous.  I  have  never  seen  one  that  would  not 
settle  more  in  one  place  than  in  another.  I  could  not  understand,  as 
this  paper  was  read,  how  an  earthen  bank  could  be  made  sufficiently 
rigid  to  hold  this  lining  which  it  seems  to  me  must  act  unsatisfactorily 
if  the  bank  was  not  uniform  in  its  make-up.  That  being  the  case,  it 
seemed  to  me  almost  indispensable  to  the  satisfactory  working  of  this 
lining  to  have  something  of  the  nature  of  concrete  under  it.  I  am  glad 
to  have  Mr.  Whinery  speak  so  confidently  on  the  subject,  because] 
unless  we  can  get  this  ideal  bank  to  support  the  asphalt  lining,  we  have 
got  to  put  on  a  coating  of  concrete  of  some  kind  to  support  it. 

J.  Foster  Flagg,  M.  Am.  Soc.  C.  E. — I  would  like  to  ask  for  a 
little  more  information  relative  to  the  tendency  of  the  asphalt  to 
wrinkle  on  the  slopes  of  the  reservoir  walls.  The  author  says:  "al- 
though it  manifests  a  tendency  in  warm  weather  to  creep  and  gather 
in  wrinkles  down  the  slopes  in  both  reservoirs,  it  never  breaks  and  re- 
mains impervious  to  water."  Would  not  this  creeping  and  wrinkling 
be  cumulative,  and  would  not,  therefore,  the  rupture  of  the  coating 
be  only  a  question  of  time?  Even  on  pavements  with  a  slight  slope 
there  is  this  tendency  to  creep.  I  have  seen  samples  from  the  asphalt 
pavements  of  Washington  with  marked  corrugations  in  them.  With 
the  steep  slopes  of  reservoir  banks,  although  below  the  water-line,  the 
water  would  doubtless  exert  a  beneficial  influence,  I  should  think  this 
action  would  be  much  more  rapid.  The  experience,  it  seems  to  me. 
is  too  short  in  time  to  form  a  positive  opinion  as  to  the  durability  of 
this  coating. 

Mr.  Whinery. — In  reference  to  the  diHerence  between  the  Trinidad 
and  California  asphalts,  the  California  asphalt  is  a  very  variable 
article,  and  unless  one  could  see  the  samples  he  could  form  very 
lift  1"  opinion  of  it.  On  the  Pacific  coast,  as  I  am  informed,  it  is  found 
of  every  consistency,  from   practically  a  crude  petroleum  up  to  the 
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hardest  pitch  or  bitumen.  Not  only  does  the  consistency  thus  vary 
when  pure,  but  it  is  found  in  various  degrees  of  impurity,  mixed  with 
sand  and  clay;  it  is  not  uniform  like  the  Trinidad  asphalt. 

In  reference  to  wrinkling,  in  asphalts  which  contain  a  considerable 
amount  of  oil,  volatile  at  ordinary  temperatures,  the  oil  will  to  some 
extent  evaporate,  and  the  coating  might  become  hard,  or  wrinkle,  very 
much  as  does  coal  tar.  In  the  Trinidad  asphalt  there  is  such  a  very 
small  percentage  of  volatile  oil  that  when  exposed  to  the  air  it  does  not 
change  perceptibly  for  years,  and  I  would  say,  that  if  the  coating  is 
made  of  the  proper  consistency  there  would  be  no  danger  of  that  kind. 
"When  Trinidad  asphalt  paving  material  is  taken  out  of  the  streets 
after  years  of  use,  it  apparently  has  nearly,  if  not  quite,  the  same  de- 
gree of  plasticity  as  when  put  down. 

Eobekt  L.  Hakeis,  M.  Am.  Soc.  C.  E. — As  to  the  matter  of  thin 
coating  of  asphaltuni  on  a  thick  backing  of  concrete,  is  it  not  as  well 
to  avoid  the  latter?  That  is,  does  not  the  thin  coating  of  asphaltum, 
being  flexible  in  degree,  adapt  itself  to  the  settlement  and  slight 
changes  in  the  bank  similarly  to  the  skin  upon  animals,  and  so  prevent 
leakage  in  case  of  slight  changes,  by  reason  of  not  breaking,  as  would 
concrete  when  its  support  should  fail? 

Fostek  Crowell,  M.  Am.  Soc.  C.  E. — My  impression  in  Listening  to 
the  paper  was  that,  with  reference  to  the  two  reservoirs  that  were  last 
described,  the  author  speaks  of  the  treatment  with  asphalt  not  being 
so  necessary  in  one  case,  because  the  banks  had  had  longer  time  to 
settle. 

Mr.  Whesteey. — I  would  say,  further,  in  reply  to  Mr.  Brush,  that 
the  cracks  referred  to  by  Mr.  Schuyler  doubtless  resulted  from  settle- 
ment, and  a  very  considerable  amount  of  settlement  must  have  oc- 
curred to  produce  them.  A  small  amount  of  settlement  would  hardly 
cause  them.  Asphalt  is  malleable  to  a  remarkable  degree,  and  the  lin- 
ing of  a  reservoir  deflects  without  breaking  so  as  to  accommodate  itself 
to  slight  settlements  in  the  supporting  bank.  If  there  was  unequal 
settlement  in  adjoining  sections  of  the  bank  it  would  doubtless  cause  a 
break. 

Wm.  Barclay  Parsons,  M.  Am.  Soc.  C.  E. — It  is  to  be  regretted, 
possibly,  that  the  author,  in  writing  this  very  interesting  paper,  has 
not  gone  a  little  further  and  stated  from  his  personal  experience  how 
far  he  would  dare  to  carry  the  principles  he  lays  down. 
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Under  certain  conditions  we  know  that  it  is  possible  to  construct 
large  banks  that  will  not  leak.  There  are  other  eases  where  a  good 
puddling  material  can  be  had  only  at  great  expense,  so  that  the  differ- 
ence in  cost  between  constructing  an  asphalt-lined  embankment  and 
one  that  is  water-tight  in  itself  would  be  considerable.  Now,  would 
Mr.  Schuyler  dare  to  build  a  bank  not  water-tight  and  line  it  with 
asphalt,  or  would  he  simply  use  the  asphalt  lining  as  an  adjunct  to  a 
so-called  water-tight  embankment  ?  If  an  embankment  can  be  built 
out  of  non-water-tight  materials  and  then  lined  with  asphalt,  it  would 
in  many  cases  reduce  the  cost  materially. 

There  is  another  point  that  occurred  to  me — the  effect  the  asphalt 
would  have  on  the  growth  of  plants.  I  suppose  upon  the  ordinary 
floating  algae  it  would  have  no  effect  whatever,  but  on  plants  that 
require  a  soil  it  would  have  some  effect,  until  at  least  a  deposit  of  soil 
deep  enough  for  them  has  been  formed.  The  cleaning  out  would 
probably  remove  most  of  the  bed  soil,  and,  therefore,  it  is  fair  to  pre- 
sume that  a  reservoir  so  lined  would  be  freer  from  plant  life  than  a 
reservoir  not  so  lined. 

Mr.  Bkush. — The  impression  from  reading  the  paper  and  from  some 
remarks  that  have  been  made  this  evening  would  seem  to  indicate  that 
there  was  a  feeling  that  asphalt  was  one  of  those  materials  that  would 
accommodate  itself  to  circumstances;  if  there  was  settlement,  it 
would  stretch  ;  if  there  was  a  slight  contraction,  it  would  contract.  A 
somewhat  similar  idea  prevailed  when  they  were  building  the  Wash- 
ington Bridge.  There  is  a  long  arch  there  of  metal  which  rises  and 
falls,  and  the  rise  and  fall  of  the  arch  chords  necessitate  a  movement 
at  the  abutment,  and  in  order  to  meet  that  movement,  when  it  was 
decided  to  put  asphalt  in  the  roadway,  an  iron  trough  was  placed  on 
the  abutment  where  the  iron-work  arch  closed  against  the  masonry,  and 
this  iron  trough  was  filled  with  asphalt.  The  theory  was  that,  as  the 
arch  rose  and  fell,  the  asphalt  of  the  roadway  would  accommodate 
itself  to  it  and  there  would  never  be  any  opening  at  the  joint.  If  any 
of  you  have  been  there  you  will  see  that  the  asphalt  did  not  work  that 
way.  My  experience  with  asphalt,  though  very  limited,  does  not  con- 
vince me  that  it  is  as  accommodating  as  would  seem  to  be  indicated  1  >v 
the  paper  now  under  discussion. 

M.  Fakgusson,  Jun.  Am.  Soc.  C.  E. — That,  I  think,  depends  ou  the 
time  element.     While  a  rapid  distortion  would  cause  a  rupture,  a  dis- 
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tortion  equal  iu  amount,  but  taking  place  slowly  and  gradually,  would 
not  necessarily  so  do.  Because  cracks  are  developed  in  asphalt  laid  on 
a  metallic  structure  of  very  long  span  subjected  to  great  extremes  of 
temperature  in  short  periods  of  time,  and  hence  to  fairly  rapid 
and  often  repeated  distortions,  it  in  no  wise  follows  that  the  same 
results  would  be  effected  by  the  slow  final  settlement  of  an  embank- 
ment carefully  built  and  already  well  consolidated. 

J.  F.  O'Rourke,  M.  Am.  Soc.  C.  E. — Has  anybody  here  had  any 
experience  in  laying  vertical  walls  with  water-tight  material  '? 

Mr.  Beush. — I  do  not  know  whether  I  can  answer  the  question;  but 
in  building  walls,  in  order  to  keep  the  water  out  in  one  house,  and  in 
order  to  prevent  the  ground  water  from  getting  into  an  excavation  I 
had  made,  I  put  up  two  brick  walls,  leaving  them  about  l£  ins.  apart 
and  tilling  in  with  coal  tar;  it  worked  satisfactorily.  If  the  gentleman 
means  a  plastering  put  on  the  outside,  I  have  not  done  that. 

Mr.  Fargusson. — The  Consolidated  Telegraph  and  Electrical  Sub- 
way Company,  of  New  York  City,  had  the  utmost  difficulty  in  making 
their  manholes  water-tight. 

Eight-inch  brick  walls  laid  in  cement  mortar  and  coated  inside  (and 
outside  too,  I  think)  with  a  lining  of  the  same,  failed  utterly  to  keep 
the  water  out.  As  an  experiment,  one  of  the  worst  of  them  was  coated 
inside  with  an  asphaltic  compound,  the  proportions  of  which  I  do  not 
know,  but  which  was  quite  hard  and  of  a  very  fine  and  even  grain.  It 
was  put  on  quite  thick,  I  suppose  about  J  in.,  perhaps  it  averaged  a 
little  less.  It  answered  the  purpose  perfectly  up  to  the  time  I  last 
saw  it. 

Mr.  O'Rourke. — The  point  I  wanted  to  get  at  was  whether  you  could 
take  a  wall  that  is  surrounded  by  water  on  the  outside  and  permanently 
keep  the  water  out  by  means  of  an  asphalt  coating.  The  gentleman 
has  answered  me  in  regard  to  keeping  the  water  out  of  a  manhole.  I 
would  like  to  ask  him  if  that  was  permanent  ? 

Mr.  Fargusson. — I  do  not  know. 

Mr.  O'Rotjrke. — How  long  has  it  lasted  ? 

Mr.  Fargusson. — It  was  put  on  in  1888  or  1889.  What  its  present 
condition  is  I  cannot  tell.  I  have  not  seen  it  since  a  few  months  after 
it  was  finished,  at  which  time  it  was  without  cracks  and  perfectly 
tight.  Perhaps,  there  is  some  one  connected  with  the  Subway  Com- 
pany here  who  can  tell  us  more  about  it  ? 
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F.  Collingwood,  M.  Am.  Soc.  C.  E. — We  speak  about  a  wall  of  this 
kind  being  permanent.  The  question,  in  my  mind,  is  whether  any 
asphalt  wall  is  permanent  ?  Whether  in  these  walls  there  is  not  a  little 
change  which  takes  place  in  all  asphalts  by  which  they  become  brittle 
and  lose  their  tightness  ? 

Mr.  Whinery. — I  presume  that  there  is  a  very  little  change,  par- 
ticularly in  some  asphalts.  Perhaps  the  best  evidence  on  that  jjoint 
is  the  fact  that  what  is  known  as  the  Pitch  Lake  in  Trinidad  has  ap- 
parently lain  there  for  ages,  and  so  far  as  we  know  it  has  undergone 
but  little  change,  and  it  must  have  maintained  about  the  same  con- 
sistency for  a  long  series  of  years.  They  to-day  find  when  they  dig 
into  it  that  it  grows  a  little  softer  below  the  surface. 

Mr.  O'Rourke. — That  is  one  point.  Anybody  who  has  taken  the 
trouble  to  observe  an  asphalt  floor  or  sidewalk,  after  a  time  will  see 
that  the  crack  that  started  in  one  year  the  next  year  will  be  larger. 
In  Central  Park,  I  think,  you  will  see  cracks  opened  3  or  4  ins. 
which  in  the  first  place  were  hair  lines.  I  think  that  is  evidence  enough 
that  there  is  constant  shrinkage  going  on. 

So  far  as  asphalt  plaster  on  the  inside  of  a  wall  keeping  the  water 
out  is  concerned,  I  know  it  cannot  be  successfully  done  in  that  way, 
for  the  pressure  would,  in  time,  force  it  off.  If  you  caulk  a  boat  from 
the  inside  it  will  fall  out,  and  no  one  ever  did  any  permanent  caulking 
on  that  side  successfully,  and  if  that  be  true  of  caulking,  how  much 
more  of  plastering  ?  I  think  this  question  is  a  very  important  one,  and 
you  have  got  to  decide  that  you  can  do  it,  and  know  what  you  can  do, 
and  the  way  to  go  about  it  before  adopting  the  idea  of  depending  on 
asphalt  to  prevent  water  from  penetrating  masonry.  I  have  given  my 
reasons  for  thinking  that  a  coating  on  the  inside  will  not  exclude  water 
under  a  head;  therefore,  I  believe  that  it  should  only  be  used,  if  at  all, 
where  it  can  be  properly  applied  on  the  outside  or  in  the  interior  of 
the  wall.  In  regard  to  laying  asphalt  or  anything  else  upon  earth, 
what  Mr.  Brush  says  is  a  fact  of  which  I  have  had  the  best  evidence. 
For  a  number  of  years  I  was  connected  with  paving  in  this  city,  and 
some  work  over  gas  mains  laid  in  Broadway  was  ]>aid  for  at  a  high 
price  in  order  that  it  should  be  done  and  finished  and  need  not  be 
touched  again.  They  would  ram  the  earth,  go  over  it  and  make  it  as 
hard  ;is  possible,  and  also  put  in  thestrongest  kind  of  a  concrete  found- 
ation, but  without  avail.     It  had  all  to  be  repaved  the  next  year. 
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E.  P.  North,  M.  Am.  Soc.  C.  E. — Are  not  the  Park  walks  made  with 
coal  tar  ? 

Mr.  O'Rourke. — Some  of  them  are,  but  those  that  I  spoke  of  are 
not. 

Mr.  Whtnery.  — Mr.  President,  there  is  another  explanation  of  the 
fact  that  cracks  in  an  asphalt  pavement,  when  once  formed,  grow 
larger,  than  that  the  material  ski-inks.  In  some  northern  cities  asphalt 
pavements  do  crack  during  the  extreme  cold  weather  of  winter.  When 
the  crack  forms  it  becomes  filled  with  dirt  and  gravel  compacted  by 
travel  and  when  the  summer  heat  comes  the  pavement  expands,  but 
the  crack,  being  packed  up  with  sand,  cannot  close  up  and  must  com- 
press. The  next  winter  when  the  pavement  contracts  again  you  will 
have,  of  course,  a  little  wider  crack.  In  this  way  the  cracks  often  do 
grow  wider,  but  I  do  not  think  that  it  proves  that  the  material  itself 
gradually  shrinks.     In  milder  latitudes  such  cracks  do  not  occur. 

Mr.  O'Rourke. — It  is  good  enough  evidence  though  of  the  fact  that 
it  gradually  cracks. 
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ELECTRIC    ROCK    BLASTING.— DISCUSSION   ON 
PAPER  No.   561.* 


BvjSpencer  Miller,  Samuel  Whineky,  James  Owen,  George  R.  Hardy, 
A.  McC.  Parker,  Edward  P.  North  and  E.  E.  E.  Tratman. 


Spencer  Milder,  Assoc.  Am.  Soc.  C.  E. — In  reference  to  the 
1  200-ft.  cable- way  used  at  Ogden,  N.  J. ,  by  T.  A.  Edison,  I  would  add 
some  data  respecting  the  handling  of  iron  ore  there.  Three  hundred 
and  fifty  to  four  hundred  tons  per  day  are  actually  handled,  and  the 
cost  of  operating  cable-way,  to  hoist,  convey  and  deliver  the  material 
to  crusher,  does  not  exceed  $7  per  day  or  about  two  cents  per  ton. 

The  cable-way,  receiving  its  support  entirely  outside  the  Avorking 
limits  of  the  mine,  is  entirely  unaffected  by  blasts  of  the  heaviest  kind, 
and  as  soon  as  the  blast  has  been  fired,  the  work  of  filling  the  skips  may 
begin.  Thus  the  cost  of  blasting  and  handling  material  is  reduced  to 
a  minimum  by  the  use  of  the  cable-way. 

*  "  Electric  Rock  Blasting— The  American  Method,"  by  William  L.  Saunders,  M.  Am. 
Soc.  C.  E.     Vol.  XXVII,  page  530. 
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I  do  not  understand  that  I  violate  any  confidence  in  giving  some 
costs  as  taken  from  the  books  of  the  Concentrating  Company. 

A  two  weeks'  run  showed  the  entire  cost  of  drilling,  blasting  labor, 
filling  the  skips,  blacksmith  labor,  clerical  labor  and  the  entire  cost  of 
running  the  cable-way,  to  be  2l£  cents  per  ton.  The  cost  of  the  powder 
is  2  J  cents  per  ton,  making  a  total  of  2l£  cents  per  ton.  I  am  told  that 
the  entire  cost  of  mining,  including  stripping,  is  about  31  cents  per 
ton,  including  interest  and  depreciation,  the  latter  being  1  cent  per  ton. 

The  cost  of  filling  the  skip  is  five  cents  per  ton. 

Mr.  Saunders  mentions  the  work  at  the  Chicago  Drainage  Canal.  I 
take  pleasure  in  stating  that  a  portable  cable-way  of  new  design  will 
be  used  on  this  work,  several  having  already  been  contracted  for.  I 
hope  at  a  later  day  to  be  able  to  present  to  this  Society  the  cost  of  this 
work  per  ton  or  cubic  yard  with  this  portable  cable-way. 

Samuel  Whxnery,  M.  Am.  Soc.  C.  E. — xAbout  12  years  since,  I  had 
quite  a  large  experience  in  blasting  rock,  both  in  water  and  in  quarries. 
In  this  work  we  used  electricity  for  igniting  the  blasts,  and,  it  being 
Government  work,  we  kept  an  accurate  account  of  the  cost,  and  every- 
thing else  of  interest  about  the  Avork. 

In  one  large  quarry  where  we  were  procuring  stone  for  a  rip-rap 
dam,  we  had  a  rock  face  about  50  ft.  high  ;  the  stone,  was  solid  lime- 
stone, the  ledges  from  6  to  12  ft.  thick.  The  stone,  when  blasted  out, 
was  loaded  on  flat  boats  at  about  the  level  of  the  bottom  of  the  quarry 
and  had  to  be  moved  an  average  of  about  60  ft.  The  heavier  masses 
were  handled  by  derricks,  and  the  smaller  portions  by  wheelbarrows. 
The  actual  cost  of  work  at  the  quarry,  including  all  labor,  tools,  ma- 
terials and  quarry  superintendence,  was  28tV  cents  per  cubic  yard.  The 
quantity  of  rock  moved  was  obtained  by  cross-sectioning  the  quarry  at 
the  beginning  and  the  end  of  each  month,  and  computing  the  amount 
of  solid  rock  removed.  The  work  was  kept  up  for  at  least  three  months 
in  succession,  at  about  the  cost  named  above. 

Mr.  Saunders,  I  think,  underestimates  the  importance  of  testing  the 
fuses.  I  think  that  some  sort  of  instrument  for  testing  the  circuit  in 
each  exploder  is  exceedingly  desirable.  We  used,  for  thus  testing  fuses, 
a  rude  galvanometer  made  by  surrounding  a  pocket  compass  with  a  few 
coils  of  insixlated  copper  wire,  actuated  by  a  single  cell  of  Leelanche 
battery.  It  was  arranged  so  that  the  circuit  was  completed  through 
the  fuse  by  slipping  the  bright  end  of  each  wire  into  spring  clips  con- 
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nected  with  the  terminals  of  the  instrament.  The  slightest  deflection 
of  the  needle  showed  that  the  connection  through  the  fuse  was  intact. 

A  single  defective  fuse  in  a  line  of  blasts  may  result  in  the  loss  of  15 
or  20  minutes  of  time  for  all  the  men  employed,  while  they  are  out  of 
the  quarry,  waiting  for  the  defect  to  be  hunted  up,  and  the  blast  fired. 
It  is  therefore  important  that  every  fuse  should  be  known  to  be  perfect 
before  it  is  used. 

I  think  there  is  a  general  impression,  which  is  quite  incorrect,  as  to 
the  necessity  of  insulating  the  leading  wires.  The  fact  is,  that  with 
naked  copper  leading  wires,  100  ft.  or  less  in  length,  lying  in  the  water, 
at  least  four  of  these  fuses  can  be  fired  with  a  good  plunge  battery. 
This  seems  quite  incredible  until  it  is  tried.  I  had  devoted  a  good 
deal  of  thought  to  the  matter,  and  had,  as  I  imagined,  devised  a  very 
nice  method  of  completely  insulating  connections.  It  was  simply  to 
take  a  piece  of  soft  rubber  tube  and  slip  it  over  one  of  the  wires,  and 
after  the  wires  were  twisted  together  it  was  slipped  back  over  the  joint 
and  tied  tightly  at  each  end  with  a  bit  of  cord.  In  the  course  of  a  few 
days  after  we  began  blasting  in  water  I  found  the  men  were  neglecting 
to  thus  properly  cover  the  splices,  and  I  called  attention  to  it,  and  was 
told  that  they  found  it  was  unnecessary  where  only  three  or  four  blasts 
were  in  the  circuit.  Of  course  the  explanation  is,  that  the  water  is  so 
poor  a  conductor,  as  compared  with  copper  wire,  that,  with  the  low 
tension  current  used,  the  leakage  of  current  amounted  to  very  little 
It  is  hardly  ever  necessary,  even  in  wet  weather,  to  insulate  the  con- 
nections in  ordinary  land  blasting. 

In  regard  to  tamping  blast  holes,  there  is  little  question  as  to  the 
proper  method  in  ordinary  land  blasting.  We  had  quite  an  experience 
in  securing  a  proper  tamping  for  submerged  holes.  We  were  blasting 
Avith  holes  about  2J  to  3£  ft.  deep,  where  the  top  of  the  rock  whs  sub- 
merged about  18  ins.  In  that  case  we  found  water  tamjiing  was  insuf- 
ficient. We  found  that  ordinary  sharp  sand  did  not  give  a  very  good  re- 
sult, as  the  water  seemed  to  act  as  a  lubricator,  and  it  was  driven  out  with 
very  little  effect.  We  tried  a  great  number  of  things  ;  among  others,  we 
tried  running  plaster  of  paris  into  the  hole  though  a  tube,  and  allowing 
it  to  set  for  about  half  an  hour  before  firing  it.  This  did  excellently,  but 
it  was  impracticable  to  get  the  men  to  use  it  properly.  Finally  we  came 
back  to  using  screened  pebbles  about  as  large  as  grains  of  corn. 

In  blasting  with  the  higher  explosives,  I  think  it  will  be  found  in 
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almost  every  case,  that  a  very  large  quantity  of  the  material  is  wasted, 
that  the  charges  are  made  very  much  heavier  than  necessary.  In  using 
dynamite  the  quantity  required  is  so  small,  that  it  is  almost  impossible 
to  get  the  average  foreman  to  put  in  only  the  quantity  required.  After 
trying  a  number  of  schemes  to  prevent  the  waste  of  explosives,  I  finally 
made  a  gauge,  which  was  simply  a  rod  of  wood,  one  side  of  which  was 
graduated  "with  feet  and  tenths.  On  the  adjacent  side,  opposite 
each  mark,  the  length  in  inches  of  dynamite  cartridge  required  for 
that  length  of  line  of  least  resistance  in  the  blast  to  be  fired  was 
indicated.  For  instance,  opposite  1  ft.  there  might  be  -J-in.  dynamite  ; 
ojiposite  2i  ft.  there  might  be  3  ins.  of  dynamite.  The  foreman  was 
instructed  to  use  this  gauge  by  laying  it  on  top  of  the  rock  in  such  a 
way  as  to  measure,  as  nearly  as  possible,  the  line  of  least  resistance, 
and  then  the  quantity  of  dynamite  marked  opposite  that  figure  was 
used.  We  found  that  we  reduced  the  quantity  of  explosive  used  in  the 
quarry  about  one-half  ;  this  was  in  the  open  quarry.  Of  course  it 
would  not  be  practicable  in  blasting  under  water. 

James  Owen,  M.  Am.  Soc.  C.  E. — You  don't  remember  what  your 
proportion  was  ? 

Mr.  Whtnery. — I  do  not.  I  used  the  ordinary  formula  with  co- 
efficients determined  by  trial.  It  was  some  12  years  ago,  and  I  do  not 
remember  accurately. 

George  E..  Hardy,  M.  Am.  Hoc.  C.  E. — How  was  the  test  made 
with  the  wire,  in  fresh  or  salt  water  ? 

Mr.  Whinery. — Fresh. 

A.  McC.  Parker,  M.  Am.  Soc.  C.  E. — For  the  last  three  years  I 
have  had  occasion  to  use  considerable  high  explosives  in  the  city  work 
at  the  foot  of  One  Hundred  and  Twenty-fifth  Street.  We  are  blasting 
to  get  a  uniform  depth  of  12  ft.  below  water,  and  at  high  tide  that 
brings  it  down  sometimes  as  deep  as  17  ft.  below  the  surface.  We 
have  had  the  same  experience  that  Mr.  Whinery  speaks  of  in  regard  to 
insiilation.  We  led  directly  from  the  diving  scow  and  thought  it 
would  be  quite  important  in  salt  water  to  see  that  the  joints  and  con- 
nections were  all  fairly  insulated  and  covered  up.  We  have  fired  as 
many  as  six  or  seven  holes  in  salt  water  without  any  attention  being 
paid  to  the  connection.  The  wires  were  simply  scraped  bright  with 
an  old  knife.  It  has  been  a  peculiar  experience  with  us  that  in  the  ex- 
plosive which  we   are   using  it  has  happened   quite  frequently  that 
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the  detonator  has  gone  off  and  not  fired  the  explosive.  We  are  using 
rack-a-rock  there,  because  it  is  in  the  city  limits,  in  the  neigh- 
borhood of  several  manufacturing  establishments  which  have  been 
burned  out  once  or  twice  and  they  are  a  little  uneasy  about  dynamite, 
but  do  not  seem  to  care  at  all  about  rack-a-rock,  and  the  fire  insurance 
people  do  not  raise  any  objection.  I  don't  think  anybody  has  ever  had 
any  experience  in  which  a  detonator  has  blown  out  of  a  dynamite  car- 
tridge and  not  set  off  the  charge,  unless  it  was  so  badly  frozen  that  it 
was  inert.  But  in  rack-a-rock  we  have  found  that  the  detonators  will 
go  off  and  we  will  pull  up  the  wire  and  no  explosion  has  taken  place, 
except  that  of  the  cap.  We  have  not  had  any  trouble  about  breaking, 
when  we  have  gotten  our  charges  right.  There  has  not  been  much 
difficulty  about  losing  the  charge,  but  it  has  happened  on  several  occa- 
sions. We  have  always  been  blasting  in  such  deep  water  that  there 
was  no  trouble  about  the  tamping.  We  have  had  occasion,  however, 
to  blow  up  several  boulders  in  the  Harlem  River  that  would  show  at 
low  tide.  They  broke  in  just  the  shape  we  wanted  them,  8  or  9  ton 
pieces,  but  they  were  fired  at  high  water,  when  the  charges  were 
tamped  with  fuses  on  5  ft.  of  water. 

Edward  P.  North,  M.  Am.  Soc.  C.  E. — In  regard  to  losing  dynamite 
blasts  in  cold  weather  as  mentioned  by  Mr.  Parker.  In  some  under- 
water blasting,  under  my  direction,  a  No.  1  dynamite  cartridge  had  its 
top  knocked  off  by  an  8  or  9  grain  detonator  without  apparently  firing 
any  part  of  the  cartridge.  It  was  a  very  cold  day,  below  zero,  the  top 
of  the  cartridge  was  about  18  ins.  below  the  top  of  the  rock,  which  had 
4  ft.  of  water  on  it,  and  some  oakum  was  tied  to  the  top  of  the  cart- 
ridge, to  prevent  its  being  lifted  from  contact  with  the  cartridges  below 
it  through  floating  ice  striking  the  leading  wires. 

On  seeing  that  it  was  a  misfire  I  took  a  boat  and  found  the  top  of 
the  cartridge  on  the  rock  by  the  side  of  the  hole.  A  second  cartridge 
was  taken  and  the  same  style  of  exploder,  reinforced  with  a  9-grain 
fulminate  cap,  was  placed  from  one-third  to  one-half  the  depth  of  the 
cartridge,  which  was  then  tied  up  with  a  wad  of  oakum,  as  before. 

Although  this  must  have  occasioned  a  delay  of  fully  half  an  hour, 
during  which  the  temperature  of  the  main  charge  sin  mid  have  got 
down  to  .'52^  Fahr.,  the  shot  when  fired  was  apparently  as  effective  as 
any  single  shot  with  the  same  charge  fired  at  that  place. 

Some  experiments,  which  were  made  both  before  and  after  this,  led 
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me  to  think  that  thoroughly  frozen  No.  1  dynamite  could  be  tired,  if 
efficiently  confined,  by  15  or  more  grains  of  fulminate,  but  that  no 
amount  of  fulminate  that  can  be  pushed  into  a  cartridge  will  fire  it 
when  frozen  and  unconfined.  The  experiments,  however,  were 
roughly  made. 

E.  E.  Russell  Tkatman,  Assoc.  M.  Am.  Soc.  C.  E.— In  his  remarks 
upon  explosives  used  in  blasting,  Mr.  Saunders  makes  no  reference  to 
the  use  of  unfreezable  dynamite  to  prevent  the  numerous  accidents 
which  occur  from  the  careless  way  in  which  frozen  cartridges  are 
thawed.  Probably  many  minor  accidents  of  this  kind  occur  which  are 
not  reported  in  the  papers  ;  but  the  accident  on  December  28th,  1892, 
at  the  works  in  Brooklyn,  N.  Y.,  for  the  proposed  tunnel  under  the 
East  River,  where  the  cartridges  were  thawed  out  in  a  steam  chest, 
and  40  lbs.  of  dynamite  were  exploded  in  consequence,  several  lives 
lost,  and  great  damage  done,  is  one  of  the  periodic  occurrences  which 
come  as  reminders  of  the  danger  and  uncertainty  of  dynamite.  The 
unfreezable  dynamite  is,  I  believe,  a  German  invention,  the  principal 
feature  of  which  is  said  to  be  the  addition  of  a  small  percentage  of 
isoamylic  nitrate  to  the  nitro-glycerine  or  dynamite,  rendering  it  un- 
congealable  and  somewhat  less  sensitive  to  concussion,  while  at  the 
same  time  slightly  increasing  its  explosive  power.  About  two  years 
ago  I  met  in  England  an  expert  in  explosives  who  had  conducted 
satisfactory  tests  of  this  material,  and  who  gave  me  some  instances  of 
the  singular  carelessness  displayed  by  men  in  thawing  cartridges  by 
baking,  boiling  or  otherwise  heating  them.  I  have  recently  received 
information  from  a  gentleman  connected  with  the  invention  in  Eng- 
land, stating  that  the  material  does  not  freeze  at  a  temperature  of  50° 
below  zero,  Fahrenheit.  It  is  manufactured  in  the  same  way  as 
ordinary  dynamite,  and  the  cost  of  manufacture  is  about  the  same.  It 
is  not  affected  by  damp  or  shock,  and  samples  which  were  made  two 
years  ago  and  have  been  subjected  to  the  ordinary  alternations  of  heat 
and  cold  have  recently  been  found  to  have  undergone  no  change 
whatever  in  regard  to  the  non-freezing  quality. 
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STREET    MOTORS   ON   THE   GOVERNMENT  TRAM^ 
WAYS  AT  SYDNEY,  NEW  SOUTH  WALES.* 


By  Geokge  Downe,  M.  Am.  Soc.  C.  E. 
Read  Makch  1st,  1893. 


The  writer  does  not  propose  to  discuss  the  relative  merits  of  differ- 
ent systems  of  tramway  traction,  but  to  give  only  the  details  of  cost 
of  working  steam  motors  in  the  City  of  Sydney,  as  these  are  seldom 
given  with  the  fullness  desired  by  engineers. 

There  are  five  main  lines  leading  into  this  city,  all  joining  into  one 
at  a  point  about  three-fourths  of  a  mile  from  the  terminal  station. 
From  these  main  lines  there  are  eight  branch  lines,  three  of  which  have 
engines  running  to  and  from  their  junctions  only.  The  engines  of  the 
remaining  five  of  the  branches  run  over  the  main  lines  to  the  head 
terminal  station.  On  every  line  there  are  many  curves,  ranging  from 
80  ft.  to  19G  ft.  radius  and  grades  up  to  6%;  and  fully  one-third  of  the 
lines,  both  main  and  branch,  are  constructed  on  grades  ranging  from 
3  to  5'V)  the  last  named  predominating. 

*  The  subject-matter  of  this  paper  was  sent  in  the  form  of  a  letter  to  the  Secretary,  and 
in  view  of  its  value  in  connection  with  the  recent  discussions  on  the  subject,  has  been 
prepared  by  him  in  its  present  form. 
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All  trains  arriving  at  or  departing  from  the  main  station  pass  over 
the  same  lines  up  to  the  junction  at  Hyde  Park.  It  may  be  said  that 
a  proper  tramway  system  should  be  less  centralized,  and  should  be 
worked  with  small  cars  and  a  quick  headway;  but  in  Sydney,  for 
various  reasons,  centralization  could  not  be  avoided  when  the  lines 
were  constructed. 

The  following  rates  are  paid  to  employees  on  the  running  staff: 
to  drivers,  lis.  to  14s.  per  day;  firemen,  7s.  6d.  to  9s.;  cleaners,  4s.  6d. 
to  7s.  6d.  per  night.  For  these,  55  hours  constitute  a  week's  work.  To 
the  repairing  staff  the  wages  are:  fitters,  10s.  to  13s.;  blacksmiths,  10s. 
to  12s.  6d. ;  turners,  10s.  to  lis.  6d. ;  car-builders,  10s.  to  lis. ;  machin- 
ists, 7s.  6d.  to  9s.;  laborers,  6s.  6d.  to  7s.  per  day,  48  hours  constituting 
a  week's  work.  These  amounts  form  an  important  item  in  compari- 
sons of  working  cost. 

There  are  now  in  use  106  motors  for  working  the  city  and  suburban 
roads,  93  of  which  were  built  by  the  Baldwin  Locomotive  Works,  10 
were  built  locally  on  American  patterns,  and  three  were  by  English 
builders.  All  are  4- wheel,  coupled.  About  80 %  have  35-in.  wheels, 
and  11  x  16-in.  cylinders,  and  67  of  this  number  are  now  in  ordinary 
daily  traffic.  The  cost  of  the  locomotive  branch  of  the  service  for  the 
year  1892  is  given  in  detail  in  the  following  table: 


New    South    Wales    Government     Tramways — Locomotive    Branch 

C  and  S  Lines. 

Statement  showing  the  Mileage  performed  by  Steam  Motors  and  the 

1        Working  Expenses  of  the  Locomotive  Branch,  with  the  Cost  per 
Train  Mile  for  the  Financial  Year  of  1891-2. 

Particulars.  1892. 

Total  No.  of  motors  in  stock  (average  for  the  year) |  106.35 

In  steam  daily;— Traffic I  61.85 

Shunting  and  ballasting 3.00 

Average  No.  of  motorB  under  repair j  23.91 

Average  available  reserve 17.59 

Total  engine  mileage  run I  1  885  303 

Total  train  mileage 1  ti07  308 

Average  total  mileage  per  motor |  17  727 

Average  total  mileage  per  motor  in  steam 29  072 


152 


DOWNE   ON   STREET   MOTORS   AT   SYDNEY,  N.    S.   W. 


EXPENDITURE. 


Head  of  Service. 


Locomotive  Superintendent  and  Clerks. 

Locomotive  superintendent,  etc 

Clerks  and  messengers 

Accou  nting  staff 

Drawing  office 

Stationery  and  printing 

Repairs  to  head  office 

Office  cleaning  and  sundries 


Locomotive  Foremen. 


Inspectors,  running  foremen,  etc. 
Timekeepers,  running  staff 


Locomotive  Drivers  and  Firemen. 

Drivers  and  firemen 

Drivers'  expenses 

Holidays 

Sick  pay    

Relieving 


Locomotive  Cleaners,  Coalmen,  etc 

Cleaners 

Running  shed  laborers 

Storemen 

Fuelmen 

Holidays 

Sick  pay 

Relieving 


Locomotive  Sundries. 

Tools  and  machinery 

Gas,  candles  and  oil  lighting 

Electric  light  in  running  sheds 

Sundries 

Casualties 

Repairs  to  yard  lamps 

Repairs  to  running  sheds 

Holidays 


Coal,  Coke,  Wood,  etc. 
Fuel  for  locomotives 


Water  supplied  to  the  Department  . . . 
Wages,  repairs  of  water  supply  pipes 
Materials        "  "  " 


Total  Cost 
1802. 


£     s. 

593    5 

582     8 

323    7 

17 

70    7 

5 

92  10 


£1  603    2    2 


£      s.     d. 

1  373    8  11 

3fi0    0    0 


£1  723    8  11 


£        s. 

40  865    1 

10  12 

1  673  11 

47  13 

1  467  12 


£44  064  10    9 


£      s.     d. 

5  106  12    6 

1  298    6    2 

145     0     0 

1  904    4     5 

336  17  10 

4  18    9 

84     4     3 


£8  880     3  10 


£    s.  d 

99  17  5 

1  162    7  5 

891     5  0 

122  17  0 

2  15  11 

5  4 

144  15  0 


£2  424     3     1 


£15  664    3    3 


£    s.  d. 

1  801  15  8 

136     7  0 

113     II  9 

£'2l»51      0  5 
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EXPENDITURE— Continued. 


Head  of  Service. 

Total  Cost 
1892. 

Cost  pel- 
Train  Mile 
1892. 

Oil,  Tallow,  Waste. 

£      s.     d. 
3  663  10    5 

d. 
.547 

Stores  for  Cleaners. 

£      s.     d. 
562    3    1 

d. 
.084 

Engine  Repairs. 

£     s.    d. 
24  417    0    2 
3  936  18    9 
Nil. 

d. 
3.645 

.588 

.000 

£28  353  18  11 

4.233 

Cab  Repaibs. 

£     s.     d. 

9  035    8  11 

977    9    4 

227  18    0 

Nil. 

d. 
1.349 

.146 

.034 

.000 

£10  240  16    3 

1.529 

Wagon  Repairs. 

£     s.  d. 
85  15  11 

20  16    7 

d. 
.013 

.003 

£106  12    6 

.016 

£119  397  19    7 

17  828 

To  understand  the  table  it  should  be  stated  that  the  trains  are  run 
with  one  to  four  cars  each,  as  the  traffic  requires.  The  average  num- 
ber of  cars  per  train  was  2£.  These  cars  are  standard,  and  each  seats  70 
passengers.  This  makes  an  average  seating  capacity  of  158  persons 
per  train,  and  the  average  weight  of  a  loaded  train  82  880  lbs.  This 
explanation  is  necessary,  since  the  cars  ordinarily  employed  seat  only 
from  16  to  24  each. 

The  motor  service  is  thought  to  be  very  satisfactory,  averaging  per 
motor  29  072  miles  per  annum  in  steam,  with  an  average  speed  of  10 
miles  per  hour.  All  the  under-gear  is  exposed  to  dust  in  dry  weather, 
and  mud  in  wet.  Fully  one-eighth  of  the  number  in  steam  make  a 
daily  run  of  100  to  130  miles,  and  the  average  for  all  in  steam  is  now- 
over  80  miles  per  day.  The  state  of  efficiency  in  which  the  stock  is 
maintained  can  be  gathered  from  the  fact  that  at  Easter  and  Christ- 
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mas,  the  longest  holiday  seasons,  the  motors  not  available  for  traffic 
were  only  1%,  and  of  cars  2\%  of  the  total  numbers. 

From  the  report  of  the  Railway  Commissioners  for  1891-92  it  will 
be  seen  that  the  total  working  expenses  for  the  year  were  £229  145,  of 
which  £119  398,  or  something  more  than  one-half,  was  expended  by  the 
locomotive  branch,  of  which  details  are  given  in  the  table  above,  and 
£73  318  was  for  salaries  and  wages  to  roadmen,  conductors,  etc.  The 
total  working  expense  per  train  mile  was  therefore  34y{nrd.,  and  the 
portion  due  to  the  locomotive  branch  17ia0a0-d. 

In  comparing  these  expenses  with  those  in  other  localities,  it  is 
necessary  to  note  that,  in  addition  to  the  weekly  pay,  every  employee 
is  paid  for  his  time  during  all  holidays  proclaimed  as  general  in  the 
Colony,  and,  also,  in  the  case  of  a  large  portion  of  the  running  staff 
for  three  to  six  good-conduct  holidays. 

The  proclaimed  holidays  average  at  least  11  per  year,  so  that  all 
the  staff  is  paid  for  11  days,  and  the  running  staff  for  14  to  17  days 
more  than  he  works,  a  concession  beyond  anything  granted  by  private 
companies. 

Notwithstanding  the  rates  paid  for  labor,  the  increased  cost  for 
materials  imported  from  England  and  America,  and  the  concessions 
granted  under  the  control  of  the  present  Commissioners  during  the 
past  three  years,  a  net  profit  of  over  5%  per  annum  has  been  realized 
in  addition  to  the  expenditixre  of  large  sums  out  of  revenue  in 
renewals  of  road  and  stock. 

The  fares  are  collected  in  sections,  some  at  2d.,  others  a  penny; 
the  average  rate  being  slightly  under  a  penny  per  mile. 

All  the  employees  are  under  civil  service  regulations,  and  must 
retire  at  the  age  of  60,  unless  after  medical  examination  the  Commis- 
sioners think  it  desirable  to  retain  them.  A  son  cannot  work  under 
his  father  after  his  salary  reaches  £80  per  year. 
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JETTY  HARBORS  OF  THE  PACIFIC  COAST. 


By  Thomas  W.  Symons,  Captain,  Corps  of  Engineers,  U.  S.  A. 
Bead  March  15th,  1893. 


The  improvement  of  harbors  on  the  Pacific  Coast  of  the  United 
States  by  the  jetty  system  has  reached  such  a  stage,  and  has  been  so 
successful  at  several  points  where  the  work  is  now  practically  com- 
pleted, that  it  has  occurred  to  me  that  a  statement  and  general  de- 
scription of  the  conditions  met  with,  the  plans  of  improvement 
adopted,  their  execution,  the  results  obtained  and  the  lessons  learned, 
might  be  of  interest  to  my  brother  engineers. 

The  Pacific  Coast, — The  Pacific  Coast  of  the  United  States  is  gener- 
ally high  and  rocky,  with  few  good  harbors.  Enormous  masses  of 
easily  moved  sands  form  the  shores,  and  underlie  the  waters  adjacent 
thereto.  The  extent  of  shore  line  from  the  southern  limit  of  Cali- 
fornia to  the  northern  limit  of  Washington  is  3  120  miles,  divided  as 
follows  :  along  California,  1  097  miles  ;  along  Oregon,  285  miles  ;  and 
along  Washington,  1  738  miles.  This  latter  includes  the  shore  lines 
of  the  mainland  and  the  islands  of  Washington  and  Puget  Sounds. 

♦Discussions  on  this  paper  received  before  May  loth,  1893,  will  be  published  in  a  subse- 
quent number. 
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Upon  this  great  extent  of  coast,  the  only  first-class  harbors  are  at 
San  Francisco,  the  Columbia  River,  and  in  Puget  and  Washington 
Sounds.  The  number  of  harbors  of  any  kind  along  the  main  ocean 
shore  is  very  limited. 

Ocean  Slopes. — As  a  rough  approximation,  it  may  be  stated  that  the 
slope  of  the  bottom  of  the  ocean  in  the  immediate  vicinity  of  the  land 
averages  above  four  fathoms  per  mile.  The  distance  of  the  100-fathom 
curve  from  the  shore  diminishes  generally  from  north  to  south. 
Along  the  State  of  Washington  it  averages  about  20  miles  from 
shore  ;  along  Oregon,  about  10  miles,  and  along  California,  about  6 
miles.  To  the  south  from  Monterey  Bay,  the  100-fathom  curve  aver- 
ages not  more  than  4  miles  from  shore. 

As  the  prevalence  and  severity  of  storms  increase  from  south  to 
north,  it  is  probable  that  to  this  fact  are  largely  due  the  natter  slopes  of 
the  fore  shore  on  the  northern  coasts.  Beyond  the  100-fathom  curve, 
the  ocean  deepens  more  rapidly,  a  depth  of  1  500  fathoms  being 
reached  at  an  average  distance  of  60  miles  from  shore,  giving  a  slope, 
to  reach  this  depth,  of  25  fathoms  per  mile. 

Plate  XV  shows  a  number  of  ocean  profiles  taken  from  the  Coast 
and  Geodetic  Survey  Charts.  These  profiles  show  how  much  steeper 
are  the  ocean  slopes,  and  how  much  deeper  the  ocean  becomes, 
as  we  go  from  north  to  south.  The  profile  marked  "  0,"  taken  from 
San  Diego,  exhibits  the  great  ocean  plateau  lying  at  a  general  depth  of 
500  fathoms  to  the  south  and  east  of  Santa  Barbara,  which  includes 
within  its  limits  Santa  Rosa,  Santa  Cruz,  Santa  Catalina,  San  Cle- 
mente,  and  other  lesser  islands. 

Currents.—  The  main  drift  of  the  waters  off  the  coast  is  from  the 
north-westward.  This  is  the  flow  of  the  great  Japan  stream  after 
striking  the  northwest  coast.  The  great  ocean  current  produces  a 
reflex  eddy  coast  current  to  the  northward.  This  northerly  inshore 
eddy  current  is  established  by  much  cumulative  evidence.  It  is  stated 
by  Professor  Davidson,  that  9  out  of  10  of  the  buoys  that  go 
adrift  off  the  Columbia  River  go  ashore  to  the  north  at  distances 
varying  from  20  to  100  miles.  A  remarkable  instance  of  this  drifting 
to  the  north  is  that  of  a  large  nun  buoy,  which  went  adrift  from  the 
Columbia  River  bar  in  January,  1889,  and  traveled  in  107  days  1  5-10 
miles  up  into  the  waters  of  Alaska. 

Along  some  parts  of  the  coast,  this  northerly  current  is  continuous 
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throughout  the  year,  but  in  many  other  parts  it  is  modified  by  the 
shape  of  the  coast  and  the  prevailing  winds.  During  the  summer, 
along  the  shore,  the  prevailing  winds  are  from  the  north  and  north- 
west, while  the  winter  and  most  severe  winds  are  from  the  south  and 
southwest.  The  surface  currents  near  the  shore  are  modified  and  con- 
trolled by  these  winds,  the  currents  have  the  same  direction  as  the 
winds,  and  often  reach  a  velocity  of  1 £  to  2  miles  per  hour.  These  cur- 
rents, controlled  by  the  winds,  extend  off-shore  to  distances  estimated 
at  from  16  to  50  miles.  They  are  again  modified  by  the  projecting 
capes  and  bights,  establishing  eddy  currents.  Our  knowledge  of  the 
ocean  currents  of  the  Pacific  Coast  is  in  reality  very  limited,  as  no 
systematic  and  detailed  study  of  them  has  ever  been  made,  although 
such  study  is  highly  important  for  engineering  and  navigation  pur- 
poses. 

Professor  Davidson,  of  the  Coast  and  Geodetic  Survey,  has  en- 
deavored for  years  in  vain  to  secure  funds  to  carry  on  the  requisite 
observations.  All  the  engineers  and  assistants  along  the  coast  are 
instructed  to  and  do  study  these  currents,  but  the  range  of  observa- 
tion is  so  limited,  and  the  data  gathered  so  scattered  and  disconnected, 
that  the  results  obtained  are  by  no  means  satisfactory. 

Tides. — The  tides  along  the  Pacific  Coast  of  the  United  States  are 
of  a  complicated  character.  In  general,  they  increase  in  range  from 
south  to  north,  the  mean  range  at  San  Diego  being  3.7  ft.,  and 
at  the  mouth  of  the  Columbia,  6.2  ft.  In  Puget  Sound  these  heights 
are  much  increased.  At  Olympia,  situated  at  the  head  of  Budd's 
Inlet,  the  tide  often  reaches  a  height  of  18  to  20  ft. 

There  is  a  marked  peculiarity  of  these  tides  not  observable  in  those 
of  the  Atlantic  Coast,  this  being  the  difference  in  the  heights  of  the 
two  high  and  tAVO  low  waters  of  each  day.  In  each  lunar  day,  there 
are  two  high  waters  and  two  low  waters,  which  are  generally  unequal 
in  height  and  occur  at  unequal  intervals.  These  are  ordinarily  desig- 
nated as  the  "lower  low,"  "higher  low,"  "lower  high,"  and  "higher 
high  "  waters.  They  succeed  each  other  along  the  main  coast  as  fol- 
lows : 

From  the  lower  low  water,  the  tide  rises  to  the  lower  of  the  two 
high  waters  ;  then  falls  to  a  low  water  that  is  higher  than  the  pre- 
ceding low  one  ;  then  rises  to  the  higher  high  water  ;  then  falls  again 
to  the  lower  low  water.     Sometimes  there  is  scarcely  any  difference 
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between  the  "lower  high  "  and  the  "higher  low,"  so  that  the  tide  is 
apparently  at  a  standstill  for  many  hours.  In  the  inner  waters  of 
Puget  and  Washington  Sounds  the  order  of  occurrence  of  these  tides 
is  reversed,  and  the  differences  become  still  more  marked. 

A  datum  plane  adopted  by  the  Coast  Survey  and  the  Engineer  De- 
partment is  the  mean  of  the  "  lower  low  "  waters.  This  is  ordinarily 
about  1  ft.  below  the  plane  of  mean  low  water,  as  it  would  be  deter- 
mined upon  the  Atlantic  Coast. 

Plate  XVI  shows  the  peculiarity  of  the  tides  as  exhibited  on  a 
Belf-registering  tide  gauge  for  15  days  at  Yaquina  Bay,  and  for  15  days 
at  Seattle  on  Puget  Sound. 

Sliores. — The  Pacific  Coast  is  generally  high  and  rocky.  The  main 
bulk  of  the  rock  along  the  coast  is  sandstone  of  various  degrees  of 
hardness  ;  here  and  there  a  point  jets  into  the  ocean,  which  is  suffi- 
ciently hard  to  resist  the  action  of  the  seas.  Some  of  these  projecting 
points  are  of  hard  trap  rock.  The  grinding  up  of  the  rocky  coasts  by 
the  seas  has  supplied  the  Pacific  Coast  very  liberally  with  sand.  The 
coast  range  of  mountains,  the  summits  of  which  are  at  an  average 
distance  of  about  20  miles  from  the  shore,  are  composed  mostly  of 
sandstone,  of  which  a  great  portion  is  soft  and  easily  eroded.  The  sand 
resulting  from  these  two  causes  has  accumulated  along  the  shores  in 
vast  quantities,  to  be  the  plaything  of  the  winds,  waves  and  currents, 
and  to  render  necessary  most  of  the  works  which  have  been  under- 
taken for  the  improvement  of  the  Pacific  Coast  harbors.  The  visible 
sand  occurs  in  the  form  of  glistening  dunes,  entirely  bare  of  vegeta- 
tion, of  great  areas  just  above  high  water,  upon  which  drift-wood  is 
scattered,  and  upon  which  a  scanty  vegetation  seems  endeavoring  to 
get  a  foothold,  and  of  large  areas  exposed  at  low  tide.  Besides  the 
visible  sand,  there  is  that  forming  the  fore  shore,  the  shoals  and  liars, 
and  held  in  suspension  in  the  ever-moving  waters. 

To  control,  properly  and  efficiently,  this  sand  is  particularly  and 
primarily  the  object  of  most  of  the  improvements  on  the  coast. 

A  careful  study,  therefore,  of  the  movement  of  these  sands  in  air 
and  water  is  necessary  in  order  to  hit  upon  the  best  plan  for  improve- 
ment in  any  particular  locality.  In  some  places,  as  at  Coos  Bay,  the 
sand  moves  in  a  regular  cycle,  being  washed  up  on  the  spit,  and  the 
elevated  sandy  peninsula  limiting  the  bay  on  the  west.  Here  it  is  ikied 
to  a  greater  or  less  extent,  and  then  moved  by  the  northwest  winds 


PLATE  XVI. 

TRANS.  AM.  SOC.  CIV.  ENGRS. 

VOL.  XXVIII    No.  584. 

SYMONS    ON    JETTY    HARBORS. 


Graphical  /^epresentat/on  of  T/des  atYaqu/na  Bay  Qrecoa/.  Jume  /88S 


DATUM  P14AIE     O 


£>>OT/Af  **IA/*E        O 


r>**rrf\t  FixAtE 


■ 

•■  > 

1    a 

'    ' 

i 

•   1 

> 

* 

< 

. 

. 

3  . 

■ 

• 

S    1 

0 

-      - 

4 

•.!,  i 

~r 

.'  * 

c 

s   ] 

D      ■ 

; 

4 

1 

■ 

i  ' 

■>     c 

i 

n 

1 

1 

!     10   0 

■ 

, 

S 

s 

-^ 

/ 

k. 

7" 

s 

/ 

/ 

— 

\ 

v 

V 

f 

/ 

2 

s 

y 

? 

L^r 

<% 

- 

'" 

'    \ 

k 

A 

k 

/ 

7 

^ 

5 

xO 

r 

V 

^ 

V 

7 

~> 

~ 

r 

s 

/ 

\ 

J 

' 

v 

K 

/ 

S 

\ 

V 

/ 

\ 

J 

> 

/ 

V 

/ 

\ 

I 

\ 

/ 

^ 

\ 

Si 

t 

1 

\ 

^~ 

/ 

i 

V 

> 

i 

* 

/ 

V 

^- 

N 

-L 

M 

J' 



*$ 

!w 

h 

a 

■3 

Z^t*  dtf/zcrr?  p/a^tf  te   Mtt*  rrrt?£L7t    &£  ■/&<?  /owe*'  /aw  wa/**r 


CffAPH/CAL   /9£PffES£MTs1T70fV  OF  T/DES  AT  S BATTLE  WaSH/NCTON  .   Afov.      /830 


tO  &et 


DATi/M   *t_AJ*£ 


r  -—  •  -■*.-  n**m 


1    z    1 

- 

0  0 

- 

i 

1 

t 

!    •= 

<= 

V.     1 

- — 

,  ' 

3  « 

J!2_ 

.  4 

6      ) 

10 

1    i 

^     6 

W 

O    0     E. 

1 

*      6 

I    m   < 

p    ' 

.     A 

* 

1 

U 

—  : 

t 

A 

\ 

-1 — 

k 

I 

N 

/ 

/ 

, 

/ 

^*~"" 

/ 

^ 

\i 

/ 

/ 

1 

J 

f 

\ 

/ 

J 

t 

\ 

/ 

a 

? 

4 

0 

l 

>- 

1 

s~ 

N 

^- 

\ 

^r 

-s, 

/ 

"k 

/ 

"> 

/ 

\ 

/ 

\ 

/ 

\ 

\ 

/ 

\ 

S, 

/ 

\ 

J 

5"" 

s, 

/ 

X 

/ 

^ 

_J 

/ 

/ 

1 

s; 

/ 

V 

1 ' 

\ 

/ 

/ 

s 

\l 

/' 

V 

/ 

\ 

^ 

v. 

^ 

v^i- 

O 

/ 

1          ( 

<-: 

1 

... 

i? 

.0 

IC 

-- 

1 

"4 

/" 

S 

s 

> 

/ 

■s 

t~* 

-> 

( 

\ 

f 

\ 

s 

V 

/ 

X 

/ 

v 

/ 

Is 

v 

y" 

1 

NV 

/ 

^ 

/ 

/ 

\ 

/ 

\ 

/Tin, 

' 

K 

/ 

V 

/ 

\ 

/ 

'pw 

• 

1 

\ 

s 

^ 

\ 

\ 

tiA  c 

S| 

* 

;\ 

/ 

\ 

I 

r 

s 

/ 

\ 

\    1 

\ 

/ 

^ 

/ 

\ 

J 

\ 

( 

_i_^ 

ft 

N 

/ 

->." 

\ 

/ 

*1 

J 

\ 

' 

1 

1 

H 

V 

1 

'4 

\ 

v_, 

V. 

V 

> 

- 

~77te  daJttPrr  p/ane  as  /W<«  7nea?f  0/  the  /oner  /'civ  waJers 


158     s- 

between 
apparen 
Puget  ai 
is  revers 

A  dai 
partmeD 
about  1 
mined  u 

Piatt 
•self-regi 
at  Seatt 

Short 
bulk  of 
liardnes 
ciently  ] 
points  a 
the  seas 
coast  r; 
distance 
sandsto 
resultio 
vast  qu: 
and  to 
taken  f 
sand  oc 
tion,  of 
scatter* 
get  a  f' 
visible 
and  he 
To 
primari 

A  C! 

and  wa 
nient  ii 
sand  in 
elevate' 
to  a  gr< 


t 


SYMONS   ON  JETTY   HARBORS   OF  THE   PACIFIC   COAST.       159 

of  summer  or  the  southwest  winds  of  winter  across  and  over  into  the 
bay.  The  tidal  ebb  currents  sweep  it  out  to  sea,  and  it  is  deposited 
upon  the  bar  to  be  again  torn  up  by  the  waves  and  forced  back  upon 
the  shore,  to  resume  its  cyclical  movement.  As  an  auxiliary  to  the 
regular  jetty  harbor  work  at  Coos  Bay,  an  effort  is  being  made  to  con- 
trol and  limit  this  sand  movement  by  establishing  plant  growth  on 
the  sandy  peninsula.  This  effort  is  still  in  its  experimental  stages,  but 
it  is  evident  from  these  experiments  that  it  requires  only  money  and 
time  to  accomplish  great  good  in  this  manner.  This  was  also  done  to 
a  slight  extent  at  Wilmington. 

The  quality  of  the  bar  sands  has  also  an  important  bearing  upon 
the  question  of  improvement.  If  the  sand  is  heavy  and  coarse,  like 
it  is  at  the  entrance  of  the  Coquille  Eiver,  it  is  with  much  greater 
difficulty  that  a  channel  is  scoured  through  a  shoaled-up  bar  than  it 
is  where  the  sand  is  fine  and  light  like  that  at  the  mouth  of  the  Siuslaw 
Eiver.  But  in  the  latter  case  shoaling  is  more  apt  to  take  place  under 
wave  action,  and  consequently  a  bar  channel  is  less  stable  when  once 
formed. 

Lrift.  — The  abundant  forests  of  Washington,  Oregon  and  Northern 
California  send  down  to  the  sea  an  enormous  quantity  of  drift  timber, 
which  in  some  instances  is  an  important  factor  and  has  to  be  given 
serious  consideration  in  devising  works  of  harbor  improvement.  The 
whole  of  the  North  Pacific  Coast  is  lined  with  this  drift,  consisting  of 
logs,  4  to  6  ft.  in  diameter,  and  100  ft.  or  more  in  length,  intermingled 
with  stumps  and  smaller  forest  debris.  Where  works  are  situated  at  the 
mouth  of  a  drift-bearing  stream,  special  precautions  have  to  be  taken,  to 
prevent  injury  to  the  auxiliary  and  uncompleted  work  by  the  drift. 
The  photograph  of  the  iniprovenient  works  at  the  mouth  of  the  Coquille 
River  (Plate  XVII)  shows  a  typical  view  along  the  North  Pacific  Coast, 
and  gives  a  slight  idea  of  the  enormous  quantities  of  drift  in  many  places 
along  the  coast. 

Harbor   Improvements. 

The  necessities  of  commerce  have  demanded  that  a  number  of  har- 
bors along  the  coast  be  improved,  and  the  Government  has  appropriated 
money  to  this  end.  At  two  points  along  the  coast,  Port  Orford  in  Ore- 
gon, and  San  Pedro  in  California,  it  has  been  proposed  to  make  har- 
bors for  deep-sea  ships  by  means  of  breakwaters,  but  they  have  never 
been  commenced.     A  number  of  harbors  have  been,  and  are  being,  im- 
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proved  by  the  construction  of  jetties,  and  this  is  the  particular  class 
'of  improvement  with  which  this  paper  has  to  do.  It  is  believed  that 
a  knowledge  of  the  works  and  the  results  obtained  can  best  be  com- 
municated by  giving  a  few  examples. 

The  inauguration  of  the  jetty  system,  pure  and  simple,  on  the  Pa- 
cific Coast,  took  place  at  Yaquina  Bay. 

Yaquina  Bay. — Yaquina  Bay  is  a  narrow  estuary  some  20  miles  long, 
situated  on  the  Oregon  coast,  115  miles  south  of  the  Columbia  River. 
The  improvement  of  this  bay  was  demanded  in  consequence  of  the 
building  of  the  Oregon  Pacific  Railroad,  and  the  desire  of  the  people  of 
the  Willamette  Valley  to  have  an  outlet  to  the  sea  and  the  markets  of 
the  world  separate  from,  and  independent  of,  the  outlet  by  way  of  Port- 
land and  the  Columbia  River.  The  tidal  area  of  Yaquina  Bay  and  river, 
and  all  sloughs  affected  by  the  tide,  is  5  square  miles.  The  total  drain- 
age area  of  the  bay  and  all  its  tributaries  is  262  square  miles.  Except 
in  heavy  freshet  stages,  the  fresh-water  flow  is  of  relatively  no  import- 
ance compared  with  the  tidal  flow. 

The  average  height  of  the  tides  above  the  plane  of  reference,  the 
mean  of  the  lower  low  waters,  is  7  ft.,  with  an  extreme  range  from  lowest 
to  highest  of  about  11  ft.  There  is  a  mean  ebb  outflow  of  32  000  cu.  ft. 
per  second,  more  or  less,  as  the  tide  is  spring  or  neap.  In  its  natural 
condition,  the  harbor  throat  lay  between  a  rocky  headland  on  the 
north,  and  a  low,  sandy  point  on  the  south.  The  channel  discharged 
into  the  ocean  over  a  sandy  bar  underlaid  by,  and  interspersed  with 
rocks.  As  far  as  known,  there  was  always  at  least  one  channel  over 
the  bar,  carrying  about  7  ft.  at  low  water.  Sometimes  this  channel  lay 
In  a  nortb -westerly  direction,  and  at  other  times  in  a  south  or  south- 
westerly direction.  At  times,  two  channels  were  found,  doubtless  with 
diminished  depth.  These  channels  were  always  narrow,  uncertain  in 
alignment  and  depth,  and  bordered  by  sands  upon  which  there  were 
constant  breakers.  About  a  mile  in  front  of  the  shore,  and  about  a 
quarter  of  a  mile  in  front  of  the  outer  edge  of  the  bar,  is  a  reef  of  rocks 
extending  nearly  north  and  south,  upon  which  there  is  a  low  water 
depth,  varying  from  6  ft.  to  several  fathoms.  The  heaviest  of  the  west- 
erly swells  are  broken  by  the  reef  before  they  reach  the  entrance  of  the 
bay.  This  reef  has  n  very  important  bearing  on  the  improvement  of 
the  entrance,  acting  as  it  does  as  a  breakwater  protecting  the  entrance. 
and  the  jetties. 
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Between  the  bar  and  reef  the  depth  was  from  4  to  5  fathoms. 
'Outside  the  bar,  the  depth  increased  seaward  very  slowly  to  the  outly- 
ing reef ;  beyond  the  reef,  the  depth  increases  more  rapidly.  Borings 
through  the  sand  indicated  the  whole  entrance  to  be  underlaid  with 
rock  in  nests,  ridges,  or  in  a  stratum,  or  all  combined.  The  highest 
point  of  rock  found  in  the  vicinity  of  the  proposed  channel  was  18  ft. 
below  the  datum  plane.  These  borings,  made  through  from  8  to  15  ft. 
of  sand,  gave  but  imperfect  knowledge  of  the  underlying  rock,  but 
enough  was  learned  thereby  to  indicate  that  the  maximum  depth  to  be 
expected  from  scour  was  18  ft. 

The  entrance  opens  upon  the  stormiest  part  of  the  coast,  where 
heavy  gales  prevail  at  intervals,  from  November  to  April.  These 
storms  develop  waves  of  great  magnitude,  which  break,  or,  in  other 
terms,  assume  a  motion  of  translation,  in  depths  of  8  to  10  fathoms. 
The  summer  winds  produce  waves  of  much  less  magnitude,  which  are 
harmless  in  depths  greater  than  3  or  4  fathoms.  On  this  sandy  coast, 
these  violent  waves  produce  great  effects.  In  the  act  of  breaking  and 
the  rush  that  follows  breaking,  they  displace  great  masses  of  sand  and 
carry  it  shorewards,  often  closing  with  greater  or  less  completeness  for 
a  time  the  outlets  of  rivers  or  estuaries.  The  same  effect  is  produced  in 
less  degree  by  the  more  northerly  winds  of  summer.  It  is  in  this  con- 
nection that  the  outlying  reef  is  thought  to  be  so  valuable  to  the 
Yacpiina  entrance. 

Plan  of  the  Work. — The  plan  finally  adopted  for  the  improvement 
of  the  entrance  to  Yaquina  Bay  is  shown  on  Plate  XVIII,  and  con- 
sists of  two  jetties  starting  at  the  harbor  throat,  about  2  300  ft. 
apart,  and  converging  to  a  distance  apart  of  1  000  ft. ;  the  north 
jetty  to  be  2  300  ft.  long,  and  the  south,  3  600  ft.  long.  The  considera- 
tions governing  the  locations  in  plan  were,  1st,  to  give  the  shortest 
.available  route  to  deep  water  for  the  entrance  channel,  the  outlying 
reef  rendering  it  necessary  to  deflect  this  channel  to  the  south,  to  facili- 
tate vessels  passing  out  around  its  end;  2d,  from  the  best  information 
available,  the  entrance  channel  was  in  its  best  natural  condition  when 
in  this  position;  3d,  the  location  chosen  was  the  most  favorable  of  all 
in  reference  to  the  rock  underlying  the  sands;  4th,  the  location  and 
direction  causes  as  little  interference  as  practicable  with  the  littoral 
drift  of  water-borne  sand;  5th,  the  extension  was  calculated  to  drive 
the  bar  out  to  deeper  water,  and,  at  the  same  time,  keep  it  well  within 
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the  protection  of  the  outlying  reef;  6th,  the  width  of  1  000  ft.  at  the 
extremities  of  the  jetties  corresponds  fairly  well  with  interior  widths; 
7th,  gives  reasonable  facility  to  vessels  seeking  entrance;  8th,  gives 
ample  water-way  for  the  flooding  tides  to  fill  the  tidal  compart- 
ment; 9th,  does  not  contract  the  ebbing  and  flooding  waters  suffi- 
ciently to  produce  a  dangerous  scour  and  active  undermining  along 
the  jetties;  in  fact,  10th,  the  converging  form  of  the  plan  tends  to 
accumulate  sand  along  the  inner  portion  of  the  channel  sides  of  the 
jetties  and  thus  protects  them  from  undue  scouring;  and  11th,  the  jet- 
ties are  so  located  that  they  can  be  extended,  or  the  space  between 
their  ends  narrowed,  if  it  should  ultimately  be  found  desirable  so 
to  do. 

The  jetties  are  rubble  mounds,  built  up  to  high  water.  The  south 
jetty  is  built  on  sand,  and  is  supported  upon  a  brush  mattress  about 
4  ft.  in  thickness.  The  north  jetty  enrockment  rests  directly  upon  the 
bed-rock  underlying  the  harbor  entrance,  and  so  no  brush  was  used  in 
its  construction.  The  method  of  building  the  jetties  is  by  means  of  a 
pile  tramway  with  two  narrow-gauge  tracks  over  which  the  piles,  brush 
and  stone  are  transported,  and  from  which  the  brush  mattresses  are 
made  and  the  stone  dumped.  The  general  form  of  tramway  is  similar  to 
that  shown  for  the  Columbia  River  (Plate  XIX).  The  south  jetty  tram- 
way was  built  for  the  greater  part  of  its  length  with  the  pile  bents  10 
ft.  apart,  and  10  ft.  space  between  the  center  of  the  tracks.  The  later 
construction,  adopted  at  YaquinaBay,  has  15  ft.  between  the  pile  bents 
and  14  ft.  between  the  centers  of  the  tracks.  The  four  piles  in  each 
bent  are  spaced  so  that  each  pair  will  furnish  as  direct  a  support  as 
practicable  to  the  longitudinal  roadway  bearers.  These  piles  are 
capped  with  cross-timbers  12  x  12  ins.  x  22  ft.  Upon  these  are  placed 
the  longitudinal  roadway  bearers  12  x  14  ins.  x  30  ft.  in  length.  These 
are  all  drift-bolted  together.  Directly  upon  the  longitudinal  bearers 
the  rails  are  placed,  no  ties  being  used.  Rails,  30  lbs.  to  the  yard, 
are  used.  The  gauge  of  the  tracks  is  3  ft. ,  and  they  are  spaced  14  ft. 
apart  from  center  to  center.  The  distances  between  the  bents  and 
tracks  permit  the  rock  to  be  dumped  from  either  track  toward  the 
center  as  well  as  toward  the  outside  of  the  tramway.  The  piles  are 
driven  by  a  revolving  pile-driver,  mounted  upon  four  diamond  trucks 
running  upon  the  double  track.  The  over-reach  of  the  driver  is  suffi- 
cient to  allow  the  piles  to  be  driven  15  ft.  in  advance  of  the  tracks. 
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The  revolving  motion  is  given  to  the  driver  by  a  pinion  working  into 
a  large  cog-wheel,  concentric  with  the  circular  track  upon  which  the 
machine  revolves.  At  the  top  of  the  pinion  shaft  is  a  wooden  1  Mill- 
wheel  and  a  rope  around  this  is  taken  to  the  winch  head  of  the  engine 
whenever  it  is  desired  to  turn.  The  hammer  guides  are  44  ft.  long, 
and  the  hammer  weighs  3  600  lbs.  When  driving  in  sand  at  Yaquina 
and  other  points  along  the  coast,  the  hydraulic  method  is  now  used 
exclusively. 

In  building  the  north  jetty  tramway,  rock  was  met  with  through- 
out its  length;  what  sand  thei*e  was,  was  scoured  away  in  advauce  of 
the  jetty.  Some  of  this  rock  was  soft  enough  to  permit  piles  to  be 
driven  in  from  2  to  8  ft.,  but  the  last  1  200  ft.  would  permit  no  pene- 
tration. In  this  portion  the  method  pursued  was  to  place  each  pile  of 
a  bent  in  position  and  immediately  brace  and  tie  it  to  those  previously 
placed.  The  four  piles  of  a  bent  being  so  placed,  the  track  was  extended 
over  the  new  bent,  the  pile-driver  run  back  out  of  the  way,  and  the 
dumping  of  rock  about  the  new  bent  commenced.  This  was  continued 
until  a  considerable  quantity  was  distributed  about  the  foot  of  the 
piles;  then  another  bent  was  added  in  the  same  way. 

This  method  was  necessarily  slow  and  expensive,  and  attended  with 
some  loss,  for,  in  a  number  of  instances,  befoi'e  the  new  bents  could  be 
well  secured  with  rock,  storms  came  up  and  carried  them  away.  Dur- 
ing one  storm,  six  bents  were  carried  away. 

On  the  south  jetty,  the  brush  mattress  work  immediately  followed 
the  tramway  construction.  The  mattresses  were  constructed  beneath 
the  tracks,  and  about  the  piles  upon  poles  supported  by  ropes  from  the 
tramway  timbers.  These  mattresses  were  of  brush  fascines  and  poles 
bound  firmly  together.  When  a  convenient  length  was  completed,  it 
was  loaded  with  stone  and  lowered  to  the  bottom.  Side  mattresses  were 
also  constructed  where  deemed  necessary.  An  ingenious  mattress  car. 
to  facilitate  handling  these  side  mattresses,  was  designed  for  ami  used 
on  the  Columbia  River  Jetty;  this  has  been  adopted  for  the  Coos  Bay 
work,  but  was  not  used  at  Yaquina. 

The  stone  used  in  the  jetties  is  a  moderately  hard  sandstone,  quar- 
ried from  bluffs  along  the  Yaquina  River,  about  14  miles  from  the 
entrance.  In  weight  the  pieces  vary  from  8  tons  down  to  a  few  pounds. 
The  average  weight  has  constantly  increased  since  the  commencement  of 
jetty  construction,  and  now  probably  two-thirds  of  the  amount  aver- 
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ages  4  tons  to  the  block.  The  stone  is  loaded  by  derricks  directly  from 
the  quarry  upon  barges,  90  x  27  x  5  ft.  depth,  carrying  about  250  tons. 
These  barges  are  towed  to  a  receiving  wharf,  where  they  are  unloaded 
npon  cars  which  are  run  out  upon  the  jetty  and  dumped. 

The  cars  are  of  3  ft.  gauge  and  5  ft.  wheel-base.  The  car  platform 
is  8  ft.  long  and  5  ft.  wide,  and  it  is  mounted  upon  rollers  which  permit 
it  to  move  sideways,  so  as  to  bring  the  center  of  gravity  past  the  rollers, 
when  the  platform  tips  up  and  discharges  its  load.     It  discharges  in 
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either  direction.  The  side  motion  is  given  to  the  platform  by  means  of 
a  rack  and  pinion.  After  discharging  its  load,  the  platform  is  easily 
righted,  and  is  locked  by  a  ring  fitting  over  a  projecting  pin.  In  dump- 
ing, this  projecting  pin  limits  the  side  movement  of  the  platform  by 
working  in  an  oval  ring.  The  drawing  on  this  page  is  an  end  view 
of  the  car.  In  some  cars  recently  constructed  the  construction  was 
modified  by  making  the  limiting  oval  smaller  and  placing  it  beneath 
the  platform  instead  of  at  the  ends. 
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Co*t  of  tlie  Work. — The  total  amount  which  has  been  appropriated 
for  the  work  is  $635  000,  extending  over  the  period  since  June,  1880. 
This  will  nearly' complete  the  work.  The  total  length  of  the  two  jetties, 
including  the  necessary  shore  protection  at  their  roots,  is  :  north  jetty, 
2  700  ft, ;  south  jetty,  4  300  ft. ;  total,  7  000  ft.  This  makes  the  average 
jcost  of  the  jetties  $90  per  linear  foot. 

The  work  has  been  done  by  hired  labor,  with  plant  purchased  from 
.the  appropriations  and  owned  by  the  Government,  and  which  is  iu  good 
shape  and  suitable  for  similar  work  elsewhere. 

The  cost  of  the  various  items  entering  into  the  work  has  varied 
Sgreatly.  During  the  past  year,  the  cost  of  the  stone  dumped  in  the 
jetty  has  been  82  cents  per  ton  of  2  000  lbs.  This  is  the  least  that  it 
baa  ever  cost  on  this  work.  Piles  have  cost  from  7  to  9  cents  per  foot, 
and  lumber,  310  to  812  per  thousand.  The  cost  of  the  double  track 
tramway  on  the  north  side,  where  piles  could  be  driven  to  a  good  hold- 
ing, was  81.76  per  foot;  the  cost  per  foot  of  that  portion  where  piles 
could  not  be  driven  was  88.51. 

The  construction  of  the  jetties  gradually  changed  existing  conditions 
inside  of  the  harbor,  and  caused  sand  to  accumulate  in  front  of  the  first 
wharf  built  on  the  south  side,  necessitating  the  building  of  a  second; 
changes  continued,  and  a  third  had  to  be  built.  Two  years  ago  this 
also  was  shut  off,  and  it  then  became  necessary  to  extend  a  single  track 
tramway  back  to  a  new  wharf  3  500  ft.  from  the  old  third  wharf.  These 
■chang'  s  in  wharves  added  largely  to  the  cost  of  the  work. 

History  of  the  Plan  of  the  Work. — The  plan  of  the  work  as  finally 
adopts  1,  and  which  is  now  very  nearly  completed,  was  not  matured  at 
the  time  work  started.     In  fact,  the  plan  has  grown  with  the  work. 

The  iirst  work  proposed  and  started  was  the  protection  of  the  south 
spit  against  erosion,  and  the  building  of  a  short  half-tide  crib-work 
and  stone  jetty,  from  the  south  spit,  to  keep  the  channel  from  taking 
its  southern  and  most  dangerous  position,  and  to  direct  the  waters  into 
a  central  channel,  where  it  was  hoped  to  get  a  low-water  depth  of  10 
ft.  It  was  found  impracticable  to  use  cribs  to  advantage,  and  the  plan 
was  changed  to  that  hitherto  outlined — a  brush  mattress  and  stone 
feonstruction  built  from  a  pile  tramway ;  t  his  was  in  1882.  After  the  work 
had  been  extended  out  about  2  000  ft.,  lack  of  appropriations  compelled 
I  cessation  of  work.  In  1884,  when  work  was  resumed,  it  was  found 
that  the  small  piles  hitherto  used  were  in  such  bad  condition  that  a 
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new  tramway,  built  of  larger  piles,  and  with  tlie  top  at  a  higher  level 
above  the  water,  was  necessary.  In  1833  the  project  was  enlarged  by 
pi*oviding  for  an  extension  of  the  mid-tide  south  jetty,  1  700  ft.,  and 
the  construction  of  a  mid-tide  north  jetty,  about  on  the  lines  as  shown 
on  Plate  XVIII.  In  1888  this  was  changed  by  providing  for  the  elevation 
of  the  south  jetty  to  full  high  tide,  and  again  in  1892  it  was  decided  to 
raise  the  north  jetty  to  full  high  tide. 

Results  of  the  Work. — The  primary  result  of  the  work  has  been  to 
double  the  low-water  depth  on  the  bar  at  the  entrance  to  Yaquina  Bay 
and  to  maintain  the  bar  channel  in  a  permanent  and  good  location. 
As  before  stated,  the  original  ordinary  depth  on  the  bar  was  7  ft.  at 
low  water,  and  the  channel  was  anywhere  within  a  sector  of  120°. 
Now,  there  is,  and  has  been  for  a  year  past,  a  least  depth  of  14  to  15 
ft.  upon  the  bar.  This  has  at  times  increased  to  18  ft. ;  this  depth, 
with  an  ordinary  tide  of  7  ft.,  gives  21  ft.  least  depth  at  the  entrance. 
Behind  the  jetties,  that  is,  on  the  side  away  from  the  channel,  great 
quantities  of  sand  have  accumulated.  Computations  show  that  on  the 
south  side  this  accumulation  amounts  to  fully  2  000  000  cu.  yds.,  while 
on  the  north  side  it  is  about  100  000  cu.  yds.  This  brings  into 
prominence  a  second  function  of  the  jetties,  which  is  to  form  reservoirs 
where  the  drifting,  moving  sands,  hitherto  forming  the  bar,  can 
accumulate.  These  sands  are  thus  not  only  removed  from  their 
mischief -making  location,  but,  by  forming  in  and  behind  the  jetties, 
strengthen  the  weak  rubble  mounds  and  permit  a  reasonable  hope 
for  permanent  endurance  to  structures,  which,  without  this  accretion, 
would  certainly  be  far  less  permanent.  The  sands  behind  the  jetties 
protect  them  against  waves  and  seas  coming  up  or  down  the  coast,  and, 
by  furnishing  a  solid  backing,  enable  them  to  resist  better  the  channel 
waves.  These  sands,  forming  in  front  of  the  sandy  cliffs  to  the  north 
and  south  of  the  jetties,  shield  these  cliffs  to  a  greater  or  less  extent  for 
considerable  distances  against  the  waves,  and  thus  tend  to  limit  erosion 
and  the  production  of  sand  in  the  vicinity  of  the  harbor. 

The  results  of  a  permanent  increase  of  depth  and  fixed  direction  of 
the  bar  channel  only  came  when  the  two  jetties  were  neariug  com- 
pletion. The  south  jetty  alone  prevented  the  channel  from  occupying 
its  bad  southern  position,  but  it  still  roamed  over  a  considerable  sec- 
tor and  was  driven  hither  and  thither  by  the  ocean  currents  and 
waves.     At  times  a  heavy  deposit  of  sand  would  form  on  the  channel 
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side  of  the  9outh  jetty,  throwing  the  channel  to  the  north  and  making 
it  shallow  and  crooked.  The  tendency  to  do  this  lessened  as  the 
north  jetty  was  extended,  and  now  it  has  practically  disappeared. 

The  work  remaining  to  be  done  at  Yaqnina  is  to  increase  the  en- 
rockment  of  both  the  north  and  south  jetties,  so  that  when  final  settle- 
ment takes  place  it  will  be  to  full  high  water  throughout  their  length. 
It  is  also  designed  to  put  a  few  short  groins  out  on  the  channel  side 
of  the  south  jetty  before  it  is  finally  left,  as  a  safeguard  against 
undermining.  It  is  hoped  that  the  final  result  of  the  jetties  will  be  to 
increase  still  further  and  permanently  the  depth  on  the  bar  to  a  depth 
at  the  mean  of  the  lower  low  waters  of  18  ft. 

Jetty  tit  Mouth  of  the  Columbia  River. — This  great  work  is  now  prac- 
tically completed  in  general  accordance  with  the  plan  adopted  in  1884. 

The  Columbia  River,  ever  since  its  discovery  in  1792,  has  been  the 
chief  harbor  of  the  Pacific  Northwest.  But  the  shifting  character  and 
variable  depth  of  the  bar  channels  ever  caused  its  entrance  to  be  held  in 
terror  by  mariners  and  ship-owners.  The  work  done  has  now  changed 
all  this;  the  entrance  to  the  river  is  robbed  of  its  terrors,  and  is 
as  safe  as  any  harbor  could  be  made  upon  this  stormy  coast.  The 
largest  vessels  now  sail  in  and  out  without  difficulty. 

The  Columbia  enters  the  Pacific  Ocean  between  Cape  Disappoint- 
ment and  Point  Adams.  The  former  is  a  rocky  headland  about  200  ft. 
high,  and  the  latter,  a  low  changeable  sandy  point  6  miles  distant,  in 
a  south-easterly  direction.  Taking  this  line  of  6  miles  as  part  of  a 
chord,  the  bar  extended  out  convexly  towards  the  sea,  and  its  vertex 
was  about  1  miles  outside  of  the  chord.  Inside  the  headlands  there 
existed  shoals  and  sand  islands,  dividing  the  river,  and  outside,  there 
were  great  areas  on  which  the  seas  constantly  broke.  Through  these 
shoals  and  islands  the  entrance  channel  ran  with  depths  on  the  bar 
varying  from  19  to  27  ft. 

Eleven  surveys  of  the  entrance  were  made  from  1792  to  1881,  which 
showed  a  great  variety  of  conditions.  The  best  water  known  for  cer- 
tain was  20  to  27  ft.  in  1868,  and  for  a  short  time  thereafter.  The 
usual  ordinary  depth  on  the  bar  was  about  22  ft.  The  estimated  mean 
tidal  ebb  discharge  of  the  Columbia  is  1  000  000  en.  ft.  per  second. 
The  river  has  a  fresh-water  discharge  at  low  water  of  about  90  000  cu.  ft. 
per  second,  and  at  high  water  of  about  600  000  to  700  000  cu.  ft.  per 
second. 
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In  fixing  upon  a  plan  of  improvement,  it  "was  found  that  the  best 
natural  condition  existed  when  Clatsop  Spit  was  raised  well  above  low 
water,  and  extended  for  more  than  2  miles  from  Point  Adams  in  a  north- 
westerly direction  towards  the  bar.  This,  and  all  other  considerations, 
indicated  that  the  best  method  of  improving  the  entrance  was  by  build- 
ing a  jetty,  starting  at  Point  Adams  and  extending  in  a  north-westerly 
direction  to  a  point  about  3  miles  south  of  Cape  Disappointment,  the 
jetty  to  stop  short  of  this  point,  or  extend  beyond  it,  as  experience  might 
indicate  to  be  necessary.  The  object  of  the  work  was,  in  brief,  to  con- 
centrate the  river  within  moderate  width,  and  to  discharge  it  as  a  unit 
to  the  sea.  The  jetty  was  to  be  a  rubble  mound,  built  on  brush  fascine 
mattresses,  3  ft.  thick  and  about  40  ft.  wide,  and  to  be  brought  up  to 
low  water.     This  is  the  work  which  is  now  about  completed. 

The  total  length  of  the  jetty,  as  constructed  from  the  receiving 
wharf,  is  4j  miles,  of  which  4£  miles  are  of  the  jetty  proper,  and  one- 
half  mile  is  the  approach  to  the  wharf.  This  is  believed  to  be  by  far 
the  longest  jetty  ever  built  in  the  world.  The  method  of  construction 
has  been  the  same  as  that  previously  described  at  Yaquina  Bay,  but 
with  important  modifications,  necessitated  by  the  greater  magnitude  of 
the  work. 

The  tramway  is  nearly  the  same  as  that  at  Yaquina,  being  a  double 
track,  3-ft.  gauge  railway,  on  pile  bents  spaced  16  ft.  apart  and  24  ft. 
above  low  tide.  The  tracks  are  13  ft.  between  centers.  The  pile-driver 
used  in  this  work  is  a  much  more  powerful  and  effective  machine  than 
the  one  used  at  Yaquina,  and  capable  of  extending  the  tramway  4  or  5 
bents  in  a  day.  In  connection  with  the  driver  is  a  tender  car,  running 
on  the  two  tracks,  and  carrying  a  day's  supplies  of  piles,  lumber,  rails, 
etc.  The  mattress  work  is  essentially  the  same  as  that  at  Yaquina.  The 
stone  used  is  a  tough,  hard,  heavy  basalt,  which  is  quarried  on  the 
Columbia  and  Willamette  rivers,  above  the  mouth  of  the  latter,  and 
taken  to  the  work  on  model  barges,  each  carrying  about  400  tons. 

Plate  XIX  illustrates  the  jetty  cross-sectiou,  tramway  and  mat- 
tress work. 

The  work  at  the  Columbia  Elver  has  been  done  by  hired  labor. 
with  plant  purchased  and  owned  by  the  Government,  but  most  of 
the  material  entering  in  the  construction  has  been  purchased  by  con- 
tract. The  old  military  post  of  Fort  Stevens,  with  all  its  buildings, 
was  turned  over  to  the  Engineer  Department  for  its  use  during  the 
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progress  of  the  work.  Piles  have  cost  ordinarily  about  9  cents  per 
foot  at  Astoria  ;  lumber,  810  per  thousand  at  Fort  Stevens  ;  brush 
fascines,  about  82.75  per  cord,  and  stone,  under  the  later  contracts, 
from  63£  to  75  cents  per  ton  of  2  000  pounds  on  barges  at  the  quarry, 
or  at  Portland. 

The  cars  used  are  much  more  convenient  than  those  use,d  at  Yaquina, 
being  so  arranged  that  the  platforms  are  removable  and  are  lifted  down 
to  the  scows,  there  loaded  with  rock,  and  then  placed  back  upon  the 
truck.  They  also  right  themselves  after  being  dumped  on  the  jetty, 
thus  saving  time  and  labor. 

The  work  has  been  eminently  successful.  From  a  low-water  depth, 
generally  of  19  to  22  ft.,  in  shifting  and  uncertain  channels  across  the 
1  tax  1  he  depth  has  increased  to  29  ft.  at  the  mean  of  the  lower  low  waters 
in  a  single  and,  so  far,  permanent  channel  one-fourth  of  a  mile  wide. 
The  width  of  the  channel  of  27  ft.  depth  is  more  than  1  mile.  Enor- 
mous masses  of  sand  have  accumulated  about  and  behind  the  jetty,  and 
this  accumulation  is  still  going  on.  Up  to  the  present  time  there  have 
been  used  in  this  jetty  over  600  000  tons  of  rock.  So  far,  there  has 
been  appropriated  for  this  work  81  687  500.  It  is  estimated  that  to 
fully  complete  it  an  additional  8175  000  will  be  required,  making  the 
cost  81  862  500,  or  883  per  linear  foot  of  the  jetty. 

Plate  XX  shows  the  condition  of  the  entrance  in  1880,  prior  to 
improvement.  There  were  at  that  time  two  entrance  channels,  sep- 
arated by  the  Middle  Sands,  upon  which  sands  there  were  constant 
breakers.  In  the  north  channel  there  was  a  lninirnurn  depth  of  21  ft. 
across  the  bar,  but  to  get  into  the  river  proper  it  was  necessary  to 
cross  the  Middle  Sands  where  they  hinged  on  to  Sand  Island,  and  upon 
which  there  was  only  17  to  18  ft.  The  available  depth  over  the  bar  of 
the  south  channel  was  19  ft.  This  was  nearly  the  condition  when  work 
was  commenced. 

Following  this  is  a  plot  showing  the  present  condition  of  the  mouth 
of  the  Columbia.  The  profile  shows  the  existing  channel,  and  the 
north  and  south  channels  as  they  existed  in  1880,  and  are  shown  in 
location  upon  the  plot. 

It  is  to  be  noted,  that,  while  the  Columbia  River  jetty  is  referred  to 
as  a  low-tide  jetty,  and  is  so  outlined  in  the  project,  in  its  present  con- 
dition it  is  much  more  than  a  low-tide  jetty.  It  has  been  built  up  to 
an  average  of  probably  4  ft.  above  low  tide  ;   some  of  it  is  above  high 
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water.  It  has  been  raised  above  low  water  with  the  object  in  view 
of  providing  for  subsidence  to  low  water  when  a  condition  of  stable 
equilibrium  is  reached.  Also,  it  was  found  that  in  places  there  was  a 
decidedly  strong  tendency  at  the  higher  stages  of  the  ebb  tide  to  break 
across  the  jetty  and  develop  a  channel  across  the  sands.  To  counter- 
act this  tendency,  the  jetty  was  strengthened  and  raised  at  those 
places. 

Wilmington  Harbor,  California. — The  first  attempt  at  improving  a 
harbor  entrance  on  the  Pacific  Coast  was  at  Wilmington,  California, 
and  it  is  believed  that  nowhere  in  the  world  has  there  been  a  more  suc- 
cessful work  of  harbor  improvement,  or  one  where  the  proportional 
increase  of  depth  obtained  has  been  greater  than  at  this  point. 

Wilmington  Harbor  is  an  estuary,  connecting  with  San  Pedro  Bay  in 
north  latitude  33  ?  45'.  It  is  the  only  land-locked  harbor  between  San 
Francisco  and  San  Diego.  Its  tidal  area  is  about  1  400  acres,  much  of 
which  is  sand  flats  well  above  low  water.  The  mean  range  of  tide  is  4 
ft. ,  and  the  average  mean  tidal  discharge  is  about  6  000  cu.  ft.  per 
second.  In  its  natural  condition,  there  existed  a  bar  at  the  entrance  to 
the  harbor,  with  from  1  to  2  ft.  of  water  at  low  tide.  For  many 
years,  this  harbor,  poor  as  it  was,  furnished  the  outlet  for  the  magnifi- 
cent country  about  Los  Angeles,  which  city  is  only  20  miles^  from 
it.  San  Pedro  Bay,  in  which  the  depth  of  water  varies  from  4  to  9 
fathoms,  furnished  anchorage  to  vessels  loading  and  unloading,  and 
connection  was  made  between  the  harbor  and  anchored  vessels  by  a 
system  of  lighterage.  It  was  to  do  away  with  this  expensive  system  of 
lighterage,  and  to  enable  the  ordinary  types  of  coasting  vessels  to  enter 
and  leave  the  harbor,  that  its  improvement  was  undertaken. 

On  Plate  XXI  is  shown  the  condition  of  the  entrance  to  the 
harbor  before  any  works  of  improvement  were  undertaken.  Above 
Rattlesnake  Island  the  estuary  widens  out,  and  is  separated  from 
San  Pedro  Bay  by  this  Rattlesnake  Island,  and  a  large  area  of  low- 
lying  flat  lands,  often  covered  at  high  water.  Rattlesnake  Island 
is  a  narrow  strip  of  grass-covered  sand  dunes,  rising  8  to  10  ft. 
above  high  water.  After  passing  the  lower  end  of  Rattlesnake  Island, 
the  channel  was  held  by  an  accumulation  of  sand  to  a  contracted  and 
good  depth  for  a  distance  of  4  000  ft.  Then  it  spread  out  into  a  shal- 
low bay  on  both  sides  of  Deadman's  Island. 

The  plan  of  improvement  entered  upon  in  1871  was  to  connect  the 
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lower  end  of  Rattlesnake  Island  with  Deadman's  Island,  so  as  to  confine 
the  channel  and  make  it  connect  with  the  deeper  waters  of  San  Pedro 
Bay  to  the  west  of  Deadmau's  Island,  and  to  do  such  work  of  dredging 
as  might  he  found  necessary.  This  plan  has  been  carried  out,  and  is 
now  completed  as  shown  by  the  plot  (Plate  XXI)  exhibiting  the  en- 
trance in  its  improved  condition. 

Besides  this  work,  a  second  jetty  has  been  built  extending  out  from 
the  main  shore  to  the  channel,  then  parallel  with  it,  past  Deadmau's 
Island.  Also,  in  the  prosecution  of  the  work,  it  was  found  that  iu  the 
line  of  the  desired  channel  there  was  a  reef  of  clay  and  stone  which 
did  not  readily  scour,  and  this  rendered  necessai'y  a  large  amount  of 
dredging. 

The  method  adopted  lor  accomplishing  the  desired  end  at  "Wilming- 
ton varies  much  from  the  methods  at  other  points,  and  this  arises 
largely  from  the  fact  that  all  stone  and  timber  had  to  be  brought  from 
points  outside  the  harbor.  It  was  proposed  to  connect  Rattlesnake  and 
Deadman's  Islands  with  a  simple  structure,  composed  principally  of 
piling.  This  structure  was  not  intended  to  have  any  great  degree  of 
permanency,  hut  simply  by  its  presence  to  bring  about  and  determine 
an  accumulation  of  sand  dunes  similar  to  Rattlesnake  Island,  which 
should  form  the  real  channel  contraction  works. 

The  first  adopted  project  of  1871  aimed  at  gettiug  a  low-water 
depth  at  the  entrance  to  the  harbor  of  10  ft.  The  work  was  commenced 
in  1*7:2.  and  the  connection  of  the  two  islands  was  completed  in  1874. 

The  length  of  this  jetty,  or  training  wall,  is  6  700  ft.  The  first  sec- 
lion  of  3  700  ft.  next  Rattlesnake  Island  consisted  of  a  line  of  double 
she.ting  piles,  substantially  braced,  and  rising  to  about  a  foot  above 
high  water.  The  next  1  000  ft.  consisted  of  two  parallel  rows  of  12-in. 
piles,  lo  ft.  apart,  the  piles  in  each  row  being  driven  in  juxtaposition, 
ami  strongly  braced  and  partially  filled  with  brush,  saud.  gravel  and 

stone.  The  section  of  2  000  ft.  next  Deadman's  Island  is  a  rabble 
mound. 

Various  vicissitudes  were  met  with  iu  the  conduct  of  the  work.     It 

was  found  that  the  saud  did   not  accumulate  as  rapidly  as  wished  or 

expected  along  and  behind  the  line  of  the  jetty.     It  was  attempted  to 

expedite  this  accumulation  by  encouraging  plant  growth,  aud  by  the 

use  of  brush  fences,  and  by  building  groins.     The  non-accumulation  of 

sand  in  the  places  desired  exposed  the  work,  without  its  hoped-for 
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backing,  to  undermining  and  settlement,  and  the  timber  work,  for 
longer  periods  than  expected,  to  the  destructive  action  of  the  teredo. 

It  became  necessary  to  strengthen  the  pile  work  by  the  addition  of 
stone  and  gravel.  Between  Deadman's  Island  and  the  main  shore  it 
was  found  that  the  bottom  was  of  such  a  nature  that  dredging  was  re- 
quired, and  a  channel  was  dredged  across  it.  Stone  jetties  were  built 
out  from  the  main  work  to  contract  the  width  of  the  channel,  and  con- 
trol the  action  of  the  current. 

In  the  year  1881,  the  desired  object  of  obtaining  a  depth  of  10  ft.  at 
low  water  had  been  more  than  accomplished.  The  two  jetties  had  been 
extended  to  Deadman's  Island  ;  a  channel  12  ft.  deep  and  235  ft.  wide 
had  been  dredged  through  the  reef  at  the  island,  and  there  was  rather 
more  than  10  ft.  depth  at  low  water  at  the  entrance. 

But  the  interests  of  commerce  continued  to  demand  further  im- 
provement, and  a  project  was  adopted  that  year,  having  in  view  the 
securing  of  a  permanent  low-water  depth  at  the  entrance  of  16  ft. 
This  project  consisted  of  the  strengthening  of  the  existing  works,  the 
dredging  of  a  channel  400  ft.  wide  and  16  ft.  deep  across  the  reef  at 
Deadman's  Island,  and  the  completion  of  the  west  jetty  and  the  exten- 
sion of  the  east  jetty,  beyond  Deadman's  Island,  if  found  necessary,  to 
a  depth  of  18  ft.  of  water. 

The  desired  object  has  been  very  nearly  attained.  There  is  a 
throixgh  inner  channel  of  not  less  than  16  ft.  over  a  width  of  300  ft. 
through  the  channel  at  Deadman's  Island,  with  a  bar  channel  at  the 
entrance  of  14  ft.  depth  and  200  ft.  width.  It  is  expected  that,  when 
the  west  jetty  is  extended  south  from  Deadman's  Island,  the  point  of 
the  bar  shown  will  be  cut  off  and  the  full  depth  of  16  ft.  at  the  entrance 
realized. 

"While  the  'general  plan  of  this  work  as  constructed  is  about  the 
same  as  that  originally  adopted,  yet  many  changes  were  made  in  the 
various  features  and  details  of  it,  which  were  found  to  be  necessary  as 
the  work  progressed.  It  was  found  necessary  to  excavate  many  thou- 
sands of  yards  of  clay  and  stone  not  included  in  the  original  design] 
The  history  of  this  work  emphasizes,  in  a  marked  manner,  that  the  im- 
provement of  harbors  of  this  class  is  best  made  successful  by  a  study 
of  the  actions  and  tendencies  of  the  currents  as  they  are  determined  by 
the  constructions  which  are  made  to  control  them.  These  actionscan 
seldom  be  fully  understood,  and  their  directions  recognized  in  advance  'y 
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but  when  recognized,  it  is  generally  sound  policy  to  act  as  far  as  pos- 
sible in  harmony  with  them,  and  plans  should  admit  of  alterations  as 
found  necessary. 

Nearly  all  the  pile  work  at  Wilmington  was  done  by  hired  labor  after 
the  failure  of  contractors  to  carry  out  their  agreements.  The  method  of 
construction  was  as  follows  : 

Six  steam  pile-drivers  were  used.  The  foremost  driver  was  arranged 
to  reach  out  10  ft.  in  front  of  the  work  ;  it  drove  the  scaffold  piles,  which 
were  10  ft.  apart,  in  pairs.  Upon  these,  stringers  were  placed,  and  these 
were  crossed  by  other  timbers  at  right  angles,  forming  a  platform  30  ft. 
wide,  upon  which  the  drivers  were  worked.  The  second  driver  drove 
the  brace  piles  5  ft.  apart  at  an  inclination  of  30°  to  the  vertical. 
The  third  driver  drove  the  upright  piles  5  ft.  apart,  and  the  fourth  and 
fifth  drivers  drove  the  sheeting  piles.  Driver  No.  6  worked  as  oppor- 
tunity offered,  and  followed  in  the  rear,  taking  up  the  scaffolding  as  the 
work  was  finished.  The  driving  was  done  by  an  ordinary  hammer,  and 
the  difference  between  this  method  of  driving  and  the  hydraulic 
method  now  used  is  shown  by  the  fact  that  in  some  cases  it  took  350 
blows  from  a  2  100-lb.  hammer  to  drive  a  pile  17  ft.  into  the  sand. 
At  Coos  Bay  the  average  penetration  is  27  ft.  into  similar  sand,  and 
this  is  reached  in  a  very  few  moments  after  the  pile  is  in  place  and  the 
pump  started. 

The  stone  used  in  this  work  has  been  mainly  brought  from  Santa 
Catalina  Island,  which  lies  about  20  miles  directly  off  shore  ;  some  stone 
was  taken  from  Deadman's  Island,  and  some  of  the  material  excavated 
from  the  channel  was  used  on  the  jetties.  This  stone  was  all  deposited 
directly  from  the  barges  and  scows  without  the  intervention  of  a  tram- 
way or  cars. 

Starting  out  in  the  prosecution  of  this  work  with  the  idea  and  hope 
that  the  wooden-pile  tramway  wall  would  cause  an  accumulation  of 
sand  as  an  extension  of  Rattlesnake  Island,  which  would  effectually 
contract  the  channel  and  guide  the  current,  it  was  found,  as  the  work 
progressed,  that  this  hope  was  not  realized  in  fact,  and  the  work,  as 
now  completed,  is  principally  a  rubble  mound  built  up  to  about  6  ft. 
above  high-water  level. 

The  southerly  portion  of  the  single  pile  work  along  which  Rattle- 
snake Island  has  been  extended  has  been  raised  to  about  2  ft.  above 
high  water,  so  as  to  prevent  the  sand  from  drifting  over  the  bank  into 
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the  harbor.  It  is  found,  generally,  that,  as  this  work  is  raised,  the 
tendency  of  the  sand  beach  is  to  extend  seaward. 

The  total  amount  which  has  been  appropriated  for  this  work  is 
$904  000,  and  it  is  estimated  that  $51  000  will  be  required  to  complete 
it.  It  is  to  be  noted  that  about  half  the  money  appropriated  had  to  be 
discounted  from  10  to  30%  on  account  of  the  disparity  between  gold 
and  greenbacks  on  the  Pacific  Coast. 

The  results  secured  at  Wilmington  are  not  due  entirely  to  the  jet- 
ties which  have  been  built.  Besides  the  reef  of  rock  and  clay  which 
was  removed,  a  large  quantity  of  sand  has  been  removed  from  the 
channel  by  dredging.  The  necessity  for  this  arose  from  the  fact  that 
the  channel  debouches  into  the  shallow  waters  of  San  Pedro  Bay,  and 
it  was  feared  that  if  the  ebb  current  was  allowed  to  do  all  the  work  of 
scouring  out  the  channel,  it  would  carry  out  the  material  and  deposit 
it  on  a  bar  in  front  of  the  entrance,  and  thus  defeat  the  object  of  the 
work.  So  it  was  decided  to  remove  a  large  part  of  this  material  by 
dredging,  while  the  scouring  action  was  being  increased  by  strength- 
ening, raising  and  extending  the  jetties. 

It  is  believed  that  the  results  obtained  at  Wilmington  are  largely 
due  to  the  protection  afforded  by  Santa  Oatalina  Island,  which  lies  20 
miles  away  in  a  south-westerly  direction.  This  island  is  21  miles  long, 
and  is  directly  in  the  line  of  approach  to  the  harbor  of  the  most 
severe  storms  which  prevail  along  the  coast.  It  is  the  opinion  of  those 
most  familiar  with  the  work  that  without  this  island  it  would  be  im- 
possible to  maintain  the  entrance  at  anything  like  its  present  navigabli 

capacity. 

Other  Jetty  Harbors.—  Besides  the  three  places  previously  mentioned, 
where  the  jetties  are  practically  completed  and  the  results  of  their 
action  known,  jetties  are  in  course  of  construction  at  Humboldt  Bay, 
California,  and  Coos  Bay,  and  the  mouths  of  the  Coquille  and  Siuslaw 
Rivers,  Oregon.  At  none  of  these  places  is  the  work  near  completion. 
At  each  of  them  the  projects  consist  of  two  jetties  of  brush  mat- 
tresses and  rubble,  built  up  to  full  high  tide. 

Humboldt  Bay.— At  Humboldt  Bay  the  work  already  done  consists 
of  shore  protection  and  the  building  of  the  south  jetty  to  a  length  of 
3  033  ft.,  all  of  which,  however,  is  not  yet  completed.  The  north 
jetty  is  to  be  6  750  ft.  long,  and  the  south  jetty  7  800  ft.  long. 

The  work  so  far  done  has  been  from  a  single-track  standard-gauge 
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pile-bent  tramway,  similar  in  other  respects  to  the  tramway  at  Ya- 
qniua  Bay.  There  is  no  stone  available  directly  from  the  navigable 
waters  of  Humboldt  Bay,  and  it  has  to  be  brought  by  rail,  which  adds 
greatly  to  the  cost  of  the  work. 

Coos  Bay. — At  Coos  Bay,  the  north  jetty  is  projected  to  be  9  600 
ft.  long,  and  the  south  jetty,  I  200  ft.  long,  both  to  be  high-tide 
jetties.  The  north  jetty  tramway  and  mattress  work  has  been  built  to 
a  length  at  present  of  6  700  ft.,  and  the  enrockment  has  been  brought 
up  to  high  water  for  4  800  ft.  The  work  is  being  done  very  cheaply, 
as  the  following  prices  will  indicate.  Lumber  is  bought  for  S8  per 
thousand  ;  piles  of  the  best  quality  of  red  and  yellow  fir,  for  3  cents 
per  foot;  brush  fascines,  for  81.75  to  $2 per  cord,  and  stone  is  delivered 
at  the  receiving  wharf  on  barges  at  53  £  cents  per  ton  of  2  000  lbs. 
The  work  here  is  modeled  closely  upon  that  at  the  Columbia  Biver. 
The  pile-driver  used  is  one  which  was  formerly  used  at  the  Columbia 
Biver  (see  Plate  XXII).  The  cars  are  the  same  as  the  Columbia 
Biver  cars,  and  were  made  at  the  machine-shop  established  in 
connection  with  that  work.  Plate  XXIII  illustrates  the  car  and  the 
method  of  loading.  A  number  of  extra  platforms  are  provided,  all 
of  which  are  interchangeable.  The  car  body  to  which  the  platform  is 
temporarily  attached  when  loaded  is  hung  on  trunions,  and  the  com- 
bination is  so  arranged  that,  when  loaded,  the  center  of  gravity  is 
above  the  trunions,  which  renders  it  easy,  by  means  of  the  gearing,  for 
one  man  to  dump  the  load.  When  the  load  is  off,  the  center  of  gravity 
is  below  the  trunions,  and  the  body  and  platform  return  by  the  force 
of  gravity  to  the  horizontal  normal  position.  Plate  XXTV  shows  a 
loaded  train  of  cars  upon  the  tramway.  Upon  this  picture  is  shown 
a  center  mat  ready  for  lowering. 

Coquille  River. — The  work  at  the  mouth  of  the  Coquille  Biver  differs 
from  that  at  any  other  point  along  the  coast  in  that  the  pile  tramway 
is  made  of  two  rows  of  piles  driven  as  close  together  as  possible. 
These  rows  are  8  ft.  apart  and  are  surmounted  by  a  single-track  3-ft. 
gauge  railway.  From  this  track  stone  is  dumped  between  and  on  the 
outside  of  the  rows.  This  construction  was  adopted  for  several 
reasons.  First,  on  account  of  the  danger  of  an  open-work  pile  tramway 
being  injured  or  destroyed  by  drift  timber  which  comes  down  the  Co- 
quille in  exceptionally  large  quantities  ;  second,  the  low  price  of  piling, 
and  third,  in  order  to  get  beneficial  results  as  quickly  as  possible. 
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Plate  XVII  shows  the  Coquille  River  entrance  at  low  water,  and 
gives  a  general  view  of  the  jetties  as  at  present  constructed.  This 
plate  shows  a  typical  view  along  the  Oregon  coast,  and  illustrates 
the  drift-wood  as  previously  mentioned. 

Siuslaw  Hirer. — At  the  mouth  of  the  Siuslaw  the  work  is  still  in  its 
preparatory  stages. 

General  Considerations. 

These  three  works,  at  Yaquina,  the  Columbia  Kiver  and  Wilmington, 
are  now  practically  completed  according  to  their  adopted  designs,  and 
the  results  desired  have  been  accomplished.  But  what  of  their  future? 
They  have  been  built  in  the  most  economical  manner  with  the  ma- 
terials available,  and  those  having  them  in  charge  have  reasonable 
hopes  and  confidence  in  their  stability  and  the  permanence  of  the  re- 
sults obtained.  There  are  many  things  that  may  happen  to  cause 
these  hopes  and  confidences  to  be  realized,  and  others,  to  blast  them. 
There  are  questions  which  can  only  be  determined  by  time  and  the 
elements.  There  are  a  number  of  features  which  are  open  to  discus- 
sion, and  which  are  briefly  alluded  to  in  what  follows. 

Height  of  Jetties. — There  are,  and  have  been,  differences  of  opinion  in 
regard  to  the  proper  elevation  to  be  given  the  jetties.  The  Columbia 
River  jetty  is  designed  to  be  a  low-tide  jetty  under  the  existing  pro- 
ject, in  conformity  with  which  work  is  progressing.  As  a  matter  of 
fact,  however,  it  is,  at  least,  a  mid-tide  jetty  in  its  present  condition, 
and  the  results  which  have  been  accomplished  in  the  improvement  of 
the  entrance  have  been  brought  about,  not  by  a  low-tide  jetty,  but  by 
a  jetty  built  up  to  at  least  half  tide,  and  with  some  portions  above 

high  tide. 

Both  jetties  at  Yaquina  Bay  were  originally  designed  as  half-tide 

jetties,  but  both  have  been  raised  in  part,  and  are  being  entirely  raised 

to  well  above  full  high  tide. 

The  Wilmington  jetties  are  built  to  about  6 .ft.  above  high  tide. 
The  works  at  Humboldt  and  Coos   Bays,   and   the   Coquille    and 

Siuslaw  Rivers,  are  designed  to  be  high-tide  jetties. 

The  advantages  of  low  jetties,  are,  first,  economy  in  construction; 

second,  that  they  are  supposed  to  permit  a  freer  entrance  to  the  flood 

tides  and  a  more  complete  filling  of  the  tidal  compartment;  and  third, 

that  they  are  less  exposed  to  the  action  of  the  waves  and  consequent 
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deterioration.  In  regard  to  these  advantages,  it  may  be  stated  that 
the  differences  in  first  cost  between  a  low,  mid,  or  high  tide  jetty, 
constructed  in  the  way  the  Pacific  Coast  jetties  have  been,  is  not  very 
great.  For  either,  the  same  plant,  in  wharves,  boats,  scows,  tramway, 
pile-drivers,  locomotives,  cars,  mattress  foundation,  etc.,  is  required. 
The  difference  is  simply  the  cost  of  an  additional  amount  of  rock  to 
raise  the  work  3,  6  or  7  ft.  higher,  as  the  case  may  be.  Ordinarily 
this  additional  amount  will  form  but  a  small  proportion  of  the  cost  of 
a  high-tide  jetty. 

In  regard  to  the  second  advantage  of  permitting  the  freer  entrance 
to  the  flood  waters,  this  might  be  a  good  point  if  the  bottom  of  the 
entrance  were  unyielding  and  remained  the  same  as  before  the  works 
were  built.  But  within  the  limits  of  scour,  the  beds  at  both  Yaquina 
and  the  Columbia,  are  of  easily  moved  sand,  and  any  reasonable  de- 
crease in  width  would  readily  be  made  up  by  increased  depth.  The 
same  is  true  of  all  other  points  along  the  coast  where  work  is  in  pro- 
gress, except  Wilmington. 

Unless  it  should  be  endeavored  to  choke  down  an  entrance  to  an 
abnormal  degree,  the  advantages  of  the  lower  type  of  jetties  in  per- 
mitting a  freer  inflow  of  the  tides  are  more  fanciful  than  real. 

In  regard  to  exposure,  it  is  unquestionably  true  that  a  high-tide 
jetty  is  more  liable  to  injury  and  beating  down  by  heavy  seas  than  one 
built  only  to  low  tide.  But  this  liability  is  much  reduced  from  the 
protection  given  to  the  jetties  by  the  outlying  sands,  upon  which  the 
strong  seas  break  before  reaching  the  works;  and  because,  with  the 
present  facilities  at  most  of  the  places  where  work  is  now  in  progress, 
stone  of  large  size,  5  to  8  tons  in  weight  and  even  larger,  can  be  readily 
had  to  top  out  the  jetties. 

On  tli3  other  hand,  the  advantages  of  high-tide  jetties  over  those 
lower  are  that  they  more  perfectly  control  the  tidal  currents,  com- 
pelling a  deeper  scour  with  jetties  equally  far  apart,  or  an  equal  scour 
in  an  entrance  of  greater  width. 

High-tide  jetties  have  also  a  distinct  advantage  over  low-tide  jetties 
in  counteracting  a  tendency  which  may  exist  from  one  cause  or  another 
to  cut  through  the  jetty  and  develop  a  channel  across  it.  This  was 
evidenced  in  the  construction  of  the  Columbia  River  jetty.  In  former 
years,  there  existed  quite  close  to  Point  Adams  an  outlet  channel 
known  as  Tillamook  Channel,  which  carried  much  water.     The  jetty 
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crosses  the  location  of  this  old  channel.  The  building  out  of  the  jetty, 
and,  perhaps,  other  causes,  have  developed  a  strong  tendency  on  the 
part  of  the  waters  to  flow  out  this  way  again.  To  counteract  this  tend- 
ency, the  jetty  at  this  place  had  to  be  built  high  and  wide.  If  it  had 
been  left  at  low  tide,  the  great  volume  of  water  crossing  it  would  have 
scoured  a  deep  channel  across  the  sands  and  undermined  and  torn 
down  the  jetty.  The  building  of  it  up  to  high  water  has  effectually 
prevented  the  development  of  the  channel. 

The  effective  scouring  force  of  an  ebb  current  flowing  out  between 
high-tide  jetties  would  be  enormously  reduced  if  the  jetties  should 
be  dropped  to  low  water.  It  is  not  far  out  of  the  way  to  state  that  the 
reduction  would  be  at  least  one-half  as  a  general  rule.  On  the  Pacific 
Coast,  also,  high -tide  jetties  are  more  efficient  than  low  jetties  in 
their  secondary  function  of  impounding  sand.  The  more  of  the  moving 
sand  that  can  be  kept  out  of  circulation  the  better,  and  hence  this  is 
considered  an  important  advantage.  At  all  points,  a  very  liberal  amount 
of  stone  is  placed  upon  the  jetties,  bringing  them  up  considerably  above 
what  they  are  designed  to  be,  to  allow  for  settlement. 

It  is  expected  that  the  jetties  at  Yaquina  will  cause  the  deepening 
of  the  bar  channel  to  a  still  greater  extent  than  that  at  present  existing, 
after  they  have  been  entirely  completed  and  in  full  operation  for  a 
longer  period.  And  it  is  hoped  that  the  combination  of  jetties,  outlying 
reef,  and  prevailing  winds  and  currents  will  keep  the  sands  from  accumu- 
lating in  front  of  the  jetties  and  from  forming  a  bar  through  which  the 
ebb  currents  will  be  unable  to  keep  a  good  channel  permanently 
scoured  out.  This  latter  feature  of  the  case  is  fraught  with  some 
uncertainty,  however,  and  in  the  future  it  may  be  necessary  to  extend 
the  jetties. 

At  the  Columbia,  the  entrance  width  between  the  end  of  the  jetty 
and  Cape  Disappointment  is  3  miles.  It  is  by  no  means  certain  that 
the  jetty,  as  now  practically  completed,  will  be  able,  with  this  width. 
to  maintain  permanently  the  depth  already  secured  upon  the  bar. 

The  jetty,  in  its  present  condition,  is  fully  a  mid-tide  jetty.  In  this 
condition,  it  has  succeeded  in  developing  a  bar  channel  with  practically 
30  ft.  of  water,  the  depth  aimed  at  by  the  project.  It  has  done  no  more 
than  this.  If  the  jetty  had  been  built  simply  to  low  water,  and  the 
scouring  force  upon  the  bar  tlrns  greatly  diminished,  it  may  be  con- 
sidered as  certain  that  this  depth  would  not  have  been  attained.     And 
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if,  in  the  future,  the  jetty  should,  settle  to  low  tide,  it  is  reasonable  to 
believe  that  the  existing  channel  will  not  be  maintained.  These  con- 
siderations point  to  the  desirability  of  leaving  the  jetty,  when  it  is 
finally  completed,  in  such  a  condition  that,  when  the  enrockment  has 
fully  settled  into  place,  it  will  furnish  as  great  a  directrix  to  the  waters 
as  it  does  at  present.  The  additional  cost  of  adding  sufficient  stone  to 
accomplish  the  end  outlined  above  will  be  small  compared  with  the 
money  already  expended.  It  may  also  be  necessary,  at  some  time  in 
the  future,  to  extend  the  present  jetty  or  to  build  out  a  second  one 
from  Cape  Disappointment  along  Peacock  Spit,  or  to  do  both,  although 
there  is  very  little  probability  that  either  will  be  necessary. 

It  is  excusable  for  all  concerned  in  it  and  benefited  by  it,  to  be  enthu- 
siastic over  the  results  obtained  by  this  great  work,  which  has  been 
built  at  about  half  the  originally  estimated  cost. 

Deterioration  of  the  jetties  themselves  may  be  brotight  about  by  a 
number  of  causes,  as  abrasion  and  disintegration  of  the  stone,  settle- 
ment into  the  sand,  beating  down  by  the  waves  and  undermining  by 
racing  currents. 

At  the  Columbia,  the  rock  used  is  a  hard,  heavy  basalt,  the  abrasion 
of  which  is  very  slight.  At  Yaquina  and  other  points  along  the  coast, 
however,  the  only  rock  available  is  sandstone  of  variable  cpiality,  which 
is  more  easily  abraded.  It  is  endeavored  to  reduce  this  abrasion  to  a 
minimum  by  putting  the  hardest,  largest  and  heaviest  rock  in  the  more 
exposed  situations,  and  by  using  it  with  a  lavish  hand. 

It  is  found  that  this  sandstone  has  very  much  greater  endurance 
when  constantly  wet  th  an  when  exposed  to  the  air,  that  the  interstices 
in  the  enrockment  become  filled  with  sand,  and  that  the  rock  soon  be- 
comes covered  with  barnacles,  all  of  which  tend  to  preserve  it  from 
abrasion.  Sandstone  is  the  material  which  is  generally  available  and 
generally  used  along  the  coast  for  jetty  work. 

At  Yaquina,  the  north  jetty  being  built  upon  a  rock  foundation,  it 
cannot  settle  into  its  bed.  The  south  jetty  is,  however,  built  upon 
sand,  upon  a  mattress  foundation.  Three  years  ago,  this  south  jetty 
had  been  raised  to  high  water,  using  the  least  amount  of  rock  possible. 
During  these  three  years  the  crest  of  the  enrockment  has  settled  about 
2  ft.,  due  to  various  causes.  A  large  additional  amount  of  rock  is 
being  added  to  put  it  in  as  certain  a  condition  of  stability  as  practi- 
cable.    It  is  believed  that  there  will  be  no  more  deterioration  due  to 
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settlement.  As  far  as  can  be  ascertained,  there  are  no  indications  of 
settlement  into  the  sand  of  the  Columbia  River  jetty,  and  the  same  is 
true  of  the  completed  Wilmington  jetties. 

As  previously  stated,  the  jetties  at  Yaquina  are  protected,  to  a  great 
extent,  by  the  outlying  reef;  and  at  Wilmington,  by  Santa  Catalina 
Island,  as  well  as  by  the  outlying  sands  and  shoals.  These  limit  the 
action  of  the  seas  in  beating  down  the  jetty  enrockments  very  much. 
In  direction,  the  jetties  are  nearly  head-on  to  the  worst  storms.  The 
beating  down  at  Yaquiria  is  mostly  confined  to  the  ends  of  the  jetties, 
and  here  they  will  be  greatly  strengthened  by  enlarging  the  mound 
and  using  the  heaviest  stones  possible.  The  Columbia  River  jetty 
having  been  kept  at  a  lower  elevation,  comparatively  little  disturb- 
ance has  been  caused  by  the  waves. 

Just  what  result  time  will  bring  about  in  regard  to  beating  down 
the  jetty  enrockments  by  the  waves  can  only  be  surmised.  The 
enrockment  is  being  made  now  in  the  most  inexpensive  way,  and  if  it 
is  beaten  down  to  too  great  an  extent,  it  will  form  a  base  or  founda- 
tion for  blocks  of  stone  or  concrete  of  sufficient  size  to  resist  the  wave 
action. 

In  contemplation,  one  of  the  dangers  to  which  the  jetties  are  sub- 
jected, is  their  undermining  by  strong  currents  racing  along  their 
length  or  striking  them  at  an  angle.  It  is  possible  that  the  south  jetty 
at  Yaquina  might  be  undermined  if  left  unprotected  by  groins,  and  a 
part  of  it  be  dropped  into  the  channel.  There  are  as  yet  no  serious 
indications  of  danger  from  this  source,  althoiTgh  the  main  channel 
between  the  jetties  runs  nearer  to  the  south  channel  than  it  did  a  year 
ago,  due,  probably,  to  the  completion  of  the  north  jetty.  Before  the 
work  is  finally  considered  as  completed,  a  few  groins,  50  to  100  ft.  in 
length,  will  be  built  out  into  the  channel  and  up  to  low  water,  to 
guard  against  this  possible  undermining. 

Some  groins  and  spurs  have  been  built  at  Wilmington,  to  better 
control  the  currents,  which  cause  deposits  of  sand  and  prevent  under- 
miniug,  with  excellent  results.  Before  the  work  at  the  mouth  of  the 
Columbia  is  finally  considered  as  completed,  the  question  of  building 
groins  out  on  the  channel  side  will  undoubtedly  be  consideml. 
although  there  is  at  present  no  indications  of  their  necessity. 

On  the  long  line  of  the  Columbia  River  jetty,  the  creeping  of  the 
rails,  due  to  the  loads  all  being  carried  in  one  way,  is  very  consider- 
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able,  and  nearly  every  winter  many  of  the  rails  have  to  be  taken  up 
and  relaid  on  this  account.  The  rails,  exposed  as  they  are  to  the  sea 
ami  salt  spray,  decay  very  rapidly,  the  life  of  a  30-lb.  rail  being  only 
about  three  years.  Before  being  laid  they  are  generally  well  painted, 
but  the  protection  thus  afforded  is  very  limited. 

At  Humboldt,  the  work  has  been  done  from  a  single  broad-gauge 
track;  at  Coquille,  from  a  single  narrow-gauge  track,  while  at  the 
Columbia,  Yaquina,  Coos  Bay  and  the  Siuslaw,  the  tramway  has  a 
double  narrow-gauge  track.  The  latter  is  considered  by  far  the  prefer- 
able construction,  on  account  of  the  broad  base  afforded  for  the  pile- 
driver,  and  the  increased  facilities  for  carrying  on  the  work  of  mat- 
tress making  and  depositing  rock  and  transporting  piles,  lumber,  etc., 
to  the  front. 

At  Wilmington  and  the  Coquille,  considerable  dependence  was 
placed  upon  the  close  piling  to  bring  about  the  desired  results;  but  it 
has  been  found  that  this  dependence  is  not  justifiable,  and  it  may  be 
stated  that  in  exposed  works  of  this  class  little  dependence  should  be 
placed  on  structures  of  wood,  but  that  they  should  be  regarded  simply 
as  auxiliaries  in  the  construction  of  the  permanent  work  of  stone. 

It  seems  to  be  impossible  to  lay  down  any  general  rule  governing 
the  location  and  trace  of  jetties.  Local  circumstances  must  ever  exer- 
cise a  controlling  influence  thereon.  The  preference  of  the  writer  is 
decidedly  in  favor  of  converging  as  against  parallel  jetties,  for  the  rea- 
sons generally  outlined  in  the  description  of  the  Yaquina  Bay  jetties. 
It  must,  however,  be  acknowledged  that  there  is  a  liability  in  some 
lases,  in  jetties  of  the  converging  type,  of  an  inner  bar  baing  formed 
fey  the  heavy  seas  coming  in  at  the  entrance  and  piling  up  the  sands  in 
the  wider  portion  of  the  jetty  channel.  This  is  the  case  at  Yaquina 
Bay,  as  can  be  seen  by  a  glance  at  the  map  and  profile.  This  inner  bar 
has,  however,  and  it  is  believed  always  will  have,  fully  as  great  a  navi- 
gable capacity  as  the  bar  at  the  entrance.  This  possible  defect  in  the 
converging  jetty  system  is  believed  to  be  more  than  counterbalanced 
by  the  defects  of  the  parallel  system,  among  which  may  be  mentioned 
greater  cost,  greater  liability  to  undermining  from  racing  currents, 
lessening  of  the  tidal  area,  and  a  greater  interference  with  littoral  cur- 
rents. 

The  writer  was  anxious  at  one  point  along  the  coast  to  adopt  a  single 
curved  jetty,  concave  to  the  channel,  instead  of  a  pair  of  nearly  parallel 
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jetties,  with  the  hope  that  a  good  and  satisfactory  channel  would  he 
developed,  as  along  the  concave  bank  of  a  river.  The  situation  was 
such  that  if  the  results  hoped  for  should  not  be  attained,  a  second 
jetty,  defining  the  channel  on  the  other  side,  could  be  added  without  any 
increase  in  the  cost  above  that  of  the  parallel  jetties.  Circumstances, 
however,  prevented  the  project  being  carried  out,  and  the  value  of  a 
single  jetty  with  a  curved  trace  remains  undetermined. 

In  ordinary  cases  it  is  planned  to  extend  the  jetties  out  to  a  depth 
of  water  equal  to,  or  slightly  greater  than,  that  expected  to  be  developed 
in  the  bar  channel  ;  but  the  works  built  so  materially  change  the  con- 
dition that  it  is  impossible  to  tell  at  first  just  how  far  this  extension 
may  be  found  necessary  to  produce  the  desired  results. 

The  location  of  wharves  is  a  matter  of  serious  importance,  as  the 
changes  produced  by  the  work  added  to  the  natural  changes  may  in  a 
short  time  render  a  wharf  entirely  useless.  When  work  was  com- 
menced at  Yaquina  Bay  there  was  a  good  channel  near  the  South  Beach 
(see  Plate  XVIII),  and  wharf  No.  1  was  located  and  used  for  several 
years.  Sand  accumulated  about  it,  however,  and  wharf  No.  2  was 
built,  from  which  in  turn  we  were  driven  by  sand.  Wharf  No.  3  was  then 
built,  but  the  accumulation  of  sand  soon  after  closed  the  south  chan- 
nel entirely,  and  the  new  "Receiving  Wharf"  was  built  and  connected 
by  a  single  track  tramway  with  the  South  Beach.  The  receiving  wharf 
at  the  mouth  of  the  Columbia  has  been  extended  several  times  owing  to 
the  accumulations  of  sand. 

Nearly  all  of  the  jetty  work  on  the  Pacific  Coast  has  been  done  with 
hired  labor,  with  plant  owned  by  the  Government,  and  of  materials 
purchased  by  contract  or  in  the  open  market.  The  peculiarities  of  the 
works  and  circumstances  connected  with  them  have  rendered  this 
a  more  advantageous  method  than  to  do  the  entire  work  by  contract. 
Perhaps  similar  work  might  have  been  more  advantageously  done  by 
contract  along  the  Atlantic  Coast,  where  there  are  many  experienced 
contractors  and  an  abundance  of  plant.  But  out  here,  when  the  works 
were  started,  the  case  was  different;  there  was  no  plant  suitable  for 
carrying  on  the  operations,  and  no  contractors  experienced  in  such 
work.  In  fact,  the  experiences  with  minor  contractors  for  furnishing 
rock  and  other  materials,  and  doing  certain  portions  of  the  work,  were 
in  many  instances  disastrous — they  failing  to  carry  out  their  contracts, 
and  thus  causing  delay,  trouble  and  expense. 
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Besides  all  this,  the  work  was  new  and  the  conditions  but  imper- 
fectly known,  so  that  it  was  necessary  for  those  in  charge  to  feel  their 
way,  adopt  various  methods,  and  modify  plans  and  designs.  Added 
to  this  was  the  fact  that  most  of  the  works  are  in  out-of-the-way 
places,  far  removed  from  commercial  centers  and  were  commenced 
and  have  been  continued  with  small  and  inadequate  amounts  of  money 
appropriated  only  once  in  two  years,  and  we  have  in  general  the 
reasons  why  the  system  of  doing  the  work  by  hired  labor  has  been 
ordinarily  adopted. 

It  is  the  opinion  of  the  writer  that  the  system  of  doing  the  work  as 
it  is  being  done  at  the  mouth  of  the  Columbia,  at  Yaquina  and  Coos 
Bays,  and  at  the  Coquille  and  Siuslaw  rivers,  is  decidedly  more  advan- 
tageous than  it  would  be  if  carried  out  at  those  places  by  contract,  as 
it  has  been  and  is  being  done  at  Humboldt  Bay.  It  is  more  advan- 
tageous for  the  Government  because  it  is  not  more  expensive,  and  by 
reason  of  its  flexibility,  the  work  can  be  more  perfectly  controlled  and 
greater  results  can  be  accomplished.  It  is  certainly  also  more  advan- 
tageous to  the  cause  of  labor,  for  men  are  invariably  better  treated  and 
their  interests  more  carefully  looked  after  when  they  are  enrployed 
directly  by  the  Government  than  when  employed  by  a  contractor. 

Experience  teaches  that,  wherever  practicable,  it  is  best  to  build  the 
jetties  up  gradually  from  the  bottom  along  a  considerable  distance, 
rather  than  to  push  the  nearly  completed  jetty  to  the  front.  At  Coos 
Bay  the  tramway  is  1  000  ft.  or  more  in  advance  of  the  enrockment. 
The  mattress  work  is  pushed  on  in  front  of  the  enrockment,  which 
slowly  follows,  taking  a  very  gentle  incline  towards  the  front.  In 
this  way,  the  desired  object  to  be  accomplished  by  the  jetties  is  brought 
about  by  gradual  changes  in  existing  conditions.  It  is  found  that 
directly  in  front  of  an  advancing  jetty  there  is  always  a  scour,  and 
this  is  more  marked  as  the  jetty  is  pushed  more  bodily  to  the  front. 
It  is  always  necessary,  however,  when  work  ceases  for  any  length  of 
time,  to  carry  the  enrockment  to  the  end  for  the  protection  of  the 
tramwaV.  Then  when  work  starts  up  again,  there  is  in  most  in- 
stances a  deep  channel  or  pocket,  directly  in  front,  to  be  crossed. 

In  some  instances,  as  in  building  the  north  jetty  at  Yaquina,  this 
plan  of  building  up  the  jetty  over  a  long  line,  gradually  from  the 
bottom,  could  not  be  pursued.  Here  the  lack  of  penetration  of  the 
piles  compelled  the  rock  work  to  follow  them  immediately. 
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One  of  the  lessons  learned  in  conducting  this  jetty  work,  is  not  to 
place  too  great  dependence  upon  results  secured  from  a  partial  com- 
pletion of  the  works.  It  is  sometimes  found  that  a  small  amount  of 
work  will  change  existing  conditions  so  as  to  produce  a  great  tempo- 
rary benefit.  This  was  illustrated  at  Coos  Bay.  When  the  work  of 
building  the  north  jetty  started,  there  was  a  swash  channel  several 
hundred  feet  wide,  and  with  a  maximum  depth  of  8  ft.  at  low  water,  to 
be  crossed  by  the  jetty.  When  this  swash  channel  was  shut  off,  the 
benefit  to  the  main  channel  was  very  marked.  The  depth  on  the 
bar  increased  to  20  ft.  at  low  water,  and  remained  so  for  some  weeks. 
But,  as  was  to  be  expected,  this  was  only  temporary;  the  natural 
forces  soon  rearranged  matters  and  restored  the  bar  depth  to  what  it 
had  been  previously. 
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THE   CONSTRUCTION  OF  A   WATER-TIGHT 
MASONRY  DAM.* 


By  Wai/tek  McCueloh,  Jun.  Am.  Soc.  C.  E. 
Read  April  5th,  1893. 


In  1857-58  the  Croton  Aqueduct  Department  of  New  York  City 
made  a  careful  topographical  survey  of  the  Croton  water-shed  above 
Croton  Dam,  with  a  view  to  locating  all  possible  sites  for  dams  and 
storage  reservoirs,  should  such  reservoirs  be  required  as  the  city  grew 
and  the  demand  for  water  increased.  The  survey  was  made  under  the 
direction  of  the  late  Alfred  W.  Craven,  Chief  Engineer  of  that  depart- 
ment, and  covered  some  338  square  miles  of  the  water-shed.  Fifteen 
sites  were  located  as  possibilities  ;  but  of  these  some  have  since  been 
considered  impractical  for  various  reasons. 

Dams  were  constructed  on  two  of  these  sites  a  few  years  ago  by  the 
Department  of  Public  Works,  and  one  more  is  now  under  construction 
by  the  same  department.     Four  more  are  in  course  of  construction  by 

*  Discussions  on  this  paper  received  before  May  15th,  1893,  will  be  published  in  a  subse- 
quent number. 
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the  Aqueduct  Commission,  and  two  nave  recently  been  completed  b 
the  latter  and  are  now  in  use  ;  the  latter  being  at  "Double  Reservoi 
I,"  which  is  familiarly  known  as  Sodom  and  Bog  Brook  Reservoir. 

This  reservoir  is  termed  double,  as  it  is  composed  of  two  ban 
(Plate  XXV),  connected  by  a  10-ft.  circular  tunnel,  2  000  ft.  long 
through  which  the  overflow  of  the  larger  passes  into  the  smaller  befor 
any  waste  takes  place  over  the  spillway.  The  smaller,  or  Bog  Broo 
basin,  has  an  inadequate  water-shed  of  only  3^  square  miles,  while  it 
storage  capacity  nearly  equals  that  of  the  larger.  The  combine 
storage  capacity  of  the  two  basins  is  practically  nine  and  one-ha] 
billion  gallons. 

Sodom  Dam,  the  one  which  impounds  the  water  in  the  larger  c 
the  two  parts  of  Reservoir  "I,"  is  built  of  masonry  throughout,  bu 
Bog  Brook  Dam  is  an  earth  embankment  with  a  rubble  core  wall. 

Sodom  Dam  is  situated  near  the  village  of  Brewsters,  in  Putnai 
County,  New  York,  on  the  east  branch  of  the  Croton  River,  18  milt 
above  the  present  Croton  Dam  ;  is  54  miles  from  New  York  City,  an 
2  miles  from  the  Connecticut  State  line.  It  spans  a  narrow  gorg 
only  500  ft.  wide  at  coping  line,  78  ft.  above  the  river  bed,  and  has  bt 
hind  it  73.42  square  miles  of  water-shed. 

The  Aqueduct  Commission,  in  August,  1886,  sent  a  party  into  th 
field  to  sink  test  pits  and  make  borings  at  the  proposed  site,  to  locat 
the  underlying  rock  and  to  determine  its  character.  Upon  informatio: 
thus  obtained  a  location  for  the  dam  was  fixed  upon  which  crossed  th 
valley  at  about  right  angles  to  the  stream  (Plate  XXVI),  and  wind 
differed  but  slightly  from  that  contemplated  in  previous  surveys  mad 
by  the  Croton  Aqueduct  Department  and  the  Department  of  Pnbli 
Works. 

On  the  site  adopted,  the  hill  east  of  the  river  (the  stream  flowini 
north  at  this  point)  showed  an  outcrop  of  hard  gneiss  rock  which  roS' 
quite  abruptly  for  about  30  ft.  above  the  water  and  at  the  foot  of  whicl 
were  large  boulders,  gravel  and  river  drift.  The  slope  back  from  tin 
top  of  this  outcrop  was  much  flatter,  rising  40  ft.  in  100,  and  the  rod 
was  covered  with  but  a  few  feet  of  soil.  On  the  west  side  the  slope  o. 
the  hill  starts  from  the  river  at  a  rate  of  35  in  100  and  gradually 
flattens  to  about  5  in  100  at  the  elevation  of  the  top  of  the  dam.  The 
rock  on  this  side  was  from  4  to  10  ft.  below  the  surface,  and  was  rotter 
and  shaly  for  a  depth  of  about  15  ft.     The  river-bed  was  rock,  quite 
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solid,  with  a  light  deposit  of  sand  and  gravel  overlying  it  (Plate 
XXVII). 

The  hill  on  the  east  side  of  the  river  is  simply  a  ridge  parallel  to, 
and  averaging  75  ft.  above  it,  which  begins  about  400  ft.  behind  the 
dam,  and  at  the  lowest  point  north  of  the  dam  is  9  ft.  below  the  now 
line  of  the  reservoir.  On  top  of  the  ridge  an  earth  dam  was  constructed, 
600  ft.  long,  with  its  top  at  the  same  elevation  as  the  masonry  dam.  At 
the  north  end  of  the  earth  dam  is  the  overflow  or  spillway  dam,  a 
masonry  wall  8  ft.  high  and  500  ft.  long,  with  the  lip  set  at  eleva- 
tion 115. 

The  waste  water,  after  passing  over  the  overflow  wall,  flows  to  the  old 
river  course  through  a  channel  cut  to  bedrock  and  confined  between 
curved  retaining  walls  (Plate  XXVI). 

The  principal  dimensions  of  Sodom  Dam  are  (Plates  XXVII  and 
XXVIII) : 

Length  at  coping 500  ft. 

Length  at  top  of  foundation  (elevation,  317) 240  " 

Thickness  at  foundation 53  " 

Thickness  at  center  elevation 23  " 

Thickness  under  coping 12  " 

Height  at  center,  greatest 98  " 

Height  above  ground  line 78  " 

Elevation  of  top  of  coping  (New  York  Datum)  . .  .  425.00 

Elevation  of  flow  line 415 .  00 

Elevation  of  flood  line 419.00 

The  greatest  batter  is  on  the  lower  face,  changing  at  five  points 
between  elevation  347.0  and  424.0  and  varying  from  a  rate  of  9.3  in  10 
to  2.7  in  10:  the  total  batter  is  37.0  ft.  The  rate  of  batter  on  the  back 
face  is  1  in  10  between  elevation  347.0  and  387.0  ;  from  the  latter  point 
the  wall  is  plumb  to  the  coping. 

Near  the  center  of  the  structure  at  the  back  is  the  gatehouse, 
37  x  42  ft.,  upon  which  a  superstructure  stands,  rising  23  ft.  above  the 
dam.  In  this  gatehouse  are  the  sluice  gates,  stop-planks,  etc.,  for 
controlling  the  discharge  through  two  48-in.  pipes  inclosed  in,  and 
passing  through,  the  body  of  the  dam. 

After  the  work  had  been  commenced,  the  cross-section  of  the  dam 
was  modified,  as  shown  on  Plate  XXVIII — by  the  addition  of  6  ft.  in  width 


188  MCCULLOH   ON   SODOM   DAM. 

at  the  foundation,  3  ft.  at  center  elevation,  and  2  ft.  at  elevation  407.0, 
the  top  remaining  unchanged.  This  change  was  thought  advisable  by 
the  Aqueduct  Commissioners  and  the  engineers  as  an  extra  assurance  of 
safety,  and  was  made  at  the  time  when  the  sad  details  of  the  terrible 
disaster  at  Johnstown,  Penn.,  were  fresh  in  the  minds  of  every  one. 
The  change  was  also  a  great  help  to  construction  in  making  it  easier 
to  hold  the  facing  stones  in  their  places  when  laid  upon  a  sloping  bed 
of  fresh  mortar. 

The  contract  for  Sodom  Dam  and  its  appurtenances  was  awarded  to 
Sullivan,  Rider  &  Dougherty,  December  30th,  1887,  and  ground  was 
broken  by  them  on  the  22d  of  February,  1888. 

The  first  problem  of  importance  to  be  solved  was  the  care  of  the 
river  during  construction.  Croton  River  usually  appeared  a  very  calm 
and  modest  stream,  but  in  the  spring  time,  or  after  a  heavy  rain,  the 
water  would  rush  through  this  narrow  gorge  at  an  astonishing  rate, 
sometimes  as  high  as  250  000  cu.  ft.  per  minute.  The  floods  always 
came  suddenly,  raised  for  about  24  hours,  and  then  slowly  receded. 

Several  plans  of  flumes  were  submitted  by  the  contractors  (the 
specifications  putting  upon  them  the  responsibility  of  handling  the 
water),  but  were  not  approved  by  the  engineers,  being  considered  in- 
adequate to  the  necessity.  The  plan  adopted  was  the  suggestion  of 
the  engineer  in  charge,  and  consisted  in  throwing  a  timber  crib-dam 
across  the  river  about  80  ft.  back  of  the  dam  site  and  from  this  cutting 
a  canal,  26  ft.  wide  and  about  15  ft.  deep,  into  the  west  side  hill,  and 
entering  the  river  again  500  ft.  below  the  dam.  Before  the  comple- 
tion of  the  work  this  plan  proved  itself  to  be  the  proper  mode  of 
meeting  the  situation. 

With  the  river  flowing  through  this  new  channel  the  gatehouse  and 
the  eastern  half  of  the  dam  was  built  to  from  25  to  30  ft.  above  the 
discharge  pipes,  and  when  conditions  seemed  favorable  in  the  dry 
season  of  1889,  the  water  was  turned  from  the  canal  and  through  the 
pipes,  and  the  remaining  half  of  the  dam  was  then  started. 

Excavations  for  the  foimdation  were  well  under  way  in  April,  1888, 
and  the  center  200-ft.  section  was  ready  for  masonry  by  the  eml  of 
August. 

In  preparing  the  foundation,  drilling  was  done,  both  by  steam  and 
hand,  and  light  charges  of  40  and  60%  dynamite  used  in  blasting  till  the 
rock  appeared  firm.     Then  all  loose  seams  or  shakes  were  followed  up 


PLATE  XXVI. 
TRANS.  AM.  SOC.  CIV.  ENGRS. 

VOL.  XXVIII.  No.  585. 
McCULLOH  ON  SODOM  DAM. 


MCCULLOH    ON"   SODOM   DAM.  189 

with  block  holes  and  black  powder  blasting  and  by  barring  out,  until  a 
solid  and  practically  tight  bottom  was  secured.  All  excavation  made 
in  the  latter  manner  was  classified  as  "  deep  rock,"  for  which  an  extra 
price  of  50  cents  per  cubic  yard  was  paid. 

The  foundation  thus  prepared  was  swept  with  wire  stable  brooms 
and  washed  clean  with  streams  from  hose  pipes,  to  insure  a  perfect 
■    union  between  the  rubble  masonry  and  the  rock. 

When  the  bottom  was  ready  for  the  masonry,  the  plan  first  used 
was  to  fill  the  pockets,  or  holes,  with  a  rich  Portland  cement  concrete, 
forming  a  series  of  small  level  beds  upon  which  to  begin  the  rubble. 
Concrete  beds  were  discontinued  after  a  two  days'  trial,  because  it  was 
found  that  a  surer  and  tighter  bed  could  be  formed  of  rubble  made 
with  small  stones. 

A  large  quantity  of  water  made  its  way  through  the  loose  rock 
above  the  bottom,  and  in  a  number  of  places  through  seams  in  the 
bottom  itself;  but  in  these  cases,  where  the  rock  was  solid,  the  seams 
were  not  followed  any  deeper.  The  springs  in  the  bottom  would  wash 
the  mortar  out  of  the  concrete,  and  in  many  cases  render  it  worthless ; 
but  in  making  the  rubble  beds  the  water  could  be  led  round  and  pre- 
vented from  doing  damage.  These  streams  were  nursed  about  from 
place  to  place  till  finally  a  small  well,  2  ft.  in  diameter  and  1  to  2  ft. 
deep,  would  be  formed  just  around  the  point  where  the  water  boiled  up. 
When  the  mortar  about  each  little  well  had  thoroughly  set,  the  water 
was  bailed  out,  the  well  quickly  filled  with  dry  mortar,  a  bed  of  stiff, 
wet  mortar  put  on  top  of  this,  and  on  top  of  all  a  large  rubble  stone 
was  placed,  and  the  spring  would  be  successfully  squelched. 

This  process  was  followed  over  the  entire  bottom  wherever  water 
had  to  be  contended  with,  and  gave  much  better  satisfaction  than 
could  be  obtained  with  the  concrete.  After  the  first  6  ft.  of  the  rubble 
foundation  had  been  placed  it  was  plain  sailing,  and  the  masonry  pro- 
ceeded without  further  difficulty. 

Below  elevation  357.0  the  entire  wall  was  composed  of  rubble 
masonry  in  2  to  1  Portland  cement  mortar;  but  above  357.0  on  the  back 
and  364.0  on  the  face,  it  was  faced  with  "  facing  stone  "  30  ins.  deep 
and  backed  with  rubble. 

Bubble  stones  varied  from  a  cubic  foot  to  a  cubic  yard  in  bulk, 
and  in  placing  them  the  beds  of  mortar  were  made  very  full  and  the 
stone  thoroughly  shaken  to  a  firm  position.      The  rubble  was  not  car- 
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ried  on  in  level  courses,  but  was  broken  as  much  horizontally  as 
possible  so  as  to  avoid  having  a  straight  joint  of  mortar  through  the 
wall. 

In  filling  the  interstices  the  rule  invariably  followed  was  to  put 
the  mortar  in  first,  then  force  into  it  all  the  spalls  it  would  take,  thus 
insuring  perfectly  filled  joints,  and  as  much  stone  in  the  work  as 
possible.     Grouting  was  not  permitted  at  all. 

All  stones,  of  whatever  size,  were  thoroughly  washed  before  going 
on  the  wall,  and  were  usually  wet  when  placed  in  the  work. 

Of  the  entire  bulk  of  rubble  the  larger  part  was  in  1  to  2  Portland 
cement  mortar,  the  remainder  being  in  1  to  3  Portland,  and  a  small 
amount  of  1  to  2  American  natural  cement.  All  the  facing  stone  and 
dimension  stone  masonry  is  laid  in  1  to  2  Portland  cement  mortar. 

The  largest  quantity  of  masonry  laid  in  one  month  was  3  000  cu. 
yds.  with  12  masons  and  three  derricks.  The  average  progress  per 
month  was  about  1  700  cu.  yds. 

In  mixing  the  mortar  for  all  classes  of  masonry,  the  practice  was 
to  mix  the  sand  and  cement  dry  and  to  wet  it  on  the  wall  only  as  fast  as 
it  was  required.  The  "dry  mixing"  was  done  in  large  boxes  on  the 
ground  at  the  east  end  of  the  dam  in  batches  containing  three  barrels  of 
cement,  and  when  thoroughly  mixed,  the  dry  mixture  was  carried  in 
these  boxes  to  the  mortar  beds  on  the  dam,  and  there  divided  into 
smaller  batches  and  wet  according  to  the  rate  at  which  it  could 
be  used  up.  By  following  this  course  the  best  results  from  the 
cement  were  obtained,  as  the  mortar  would  be  in  the  work  before  its 
first  set  had  taken  place,  and  the  necessity  of  "  tempering  up  "  was 
avoided. 

The  cement  used  was  "  Burham  "  (English)  and  "Giant"  (Ameri- 
can) Portland  cements,  and  "Union"  (American)  Rosendale  cement. 

Of  the  total  Portland  cement  used,  only  15%  was  Burliam. 

A  very  careful  test  was  made  of  all  cements  used,  under  the  fol- 
lowing requirements  : 


Tensile  strength  required  in  pounds.  One  day.     One  week. 

Portland  cement,  neat 110  300 

American  natural  cement,  neat 35  85 

Fineness. 

Portland  80^'o  must  pass  through  a  sieve  of  10  000  meshes  per  square  inch. 
Am.  nat'192%'  "  "  "       2  500 
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Following  are  some  of  the  results  obtained  from  these  tests  : 
Average  Tensile  Strength  in  Pounds. 


Bbadn. 

Fineness. 
Average. 

Time  Set  in  Water. 

1  Day. 

1  Week. 

1  Month 

1  Year. 

2  Tears. 

3  Years. 

4  Years. 

Portland. 

in  000 
mesh 
80%" 

167 

429 
141 
169 
348 
166 
140 

240 
34 

615 
258 
224 
422 
280 
234 

228 
94 

798 
468 
404 
682 
490 
420 

510 
394 

700 
532 
520 
694 
564 
512 

542 
430 

764 
632 
552 
736 
680 
572 

650 
514 

782 
658 

82^ 

140 

771 

•'      1  to  2 

674 

«     1  to  3 

Natural. 

2  500 
mesh 
96% 

160 

654 

••      1  to2 

522 

An  excellent  quality  of  coarse,  sharp  sand  was  secured  from  pits  on 
reservoir  lands  about  1  mile  from  the  dam;  each  load  had  to  pass  in- 
spection, and  all  containing  any  loam  were  condemned  and  rejected. 

The  quarries  from  which  the  rubble  stone  was  obtained  were  about 
a  mile  and  a  quarter  from  the  dam.  The  stone  was  transported  on 
double  team  trucks  carrying  from  1  to  l£cu.  yds.  at  a  load,  and  making 
from  six  to  eight  trips  a  day.  The  rock  was  a  hard  and  tight-grained 
gneiss  of  irregular  cleavage. 

The  facing  stones  were  quarried  and  cut  at  a  quarry  opened  espec- 
ially for  the  Sodom  work,  at  Towner's,  New  York,  7  miles  away;  were 
brought  on  cars  over  the  New  York  and  New  England  Eailroad  and 
unloaded  at  the  dam,  from  which  a  switch  was  laid  to  and  connected 
with  the  railroad. 

These  stones,  a  light  bluish  gray  limestone,  were  cut  rectangular, 
with  "  rock  face  "  on  exposed  face,  stretchers  being  from  3  to  6  ft.  in 
length,  and  30  ins.  deep,  and  headers  4  ft.  deep.  They  were  laid  in 
regular  courses  gradually  decreasing  in  rise  from  the  bottom  up.  The 
face  of  the  stone  is  square  with  the  bed,  and  set  with  bed  normal  to  the 
batter. 

At  first  considerable  trouble  was  experienced  in  holding  the  stone 
up  to  line  when  set  on  the  inclined  bed,  but  this  difficulty  was  over- 
come by  building  the  rubble  backing  up  first  to  about  the  height  of 
the  course  which,  when  set,  could  be  braced  against  with  wooden 
blocks  and  wedges,  and  the  stone  held  perfectly  in  place.  When  the 
stone  had  been  set  for  24  hours  or  more  the  blocking  was  removed  and 
the  space  immediately  filled  with  rubble  backing. 
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All  dimension  stone  came  by  rail  from  quarries  on  the  Brandywine 
River,  at  Wilmington,  Delaware,  and  was  an  excellent  quality  of  dark 
bluish  granite  of  a  very  hard,  tight  grain. 

The  plant  used  by  the  contractors  in  building  the  dam  was,  with 
but  two  exceptions,  the  "  cable  "  and  the  "traveler,"  without  novel  or 
especially  interesting  features. 

Three  stiff-leg  boom  derricks  with  double-drum  steam  hoisters,  and 
two  stiff-leg  derricks  with  double-drum  horse  powers, were  used,  which 
were  shifted  from  place  to  place  as  required. 

The  "cable,"  which  the  writer  believes  was  here  used  for  the  first 
time  as  part  of  a  construction  plant,  consisted  of  a  2-in.  steel  wire  cable 
weighing  7  lbs.  per  foot,  stretched  over  two  towers,  one  erected  at 
each  end  of  the  dam  667  ft.  apart  and  anchored  into  the  bedrock 
behind  the  towers.  Upon  this  cable  a  trolley  or  car  ran  which  was 
entirely  controlled  by  a  double-drum  reversible  engine  situated  back 
of  the  west  tower. 

The  cable  was  swung  over  the  length  of  the  dam,  parallel  to  the 
center  line,  and  10  ft.  from  the  back  face,  and  at  such  an  elevation  that 
a  car  at  the  center  of  span  loaded  to  10  tons  would  sag  the  cable  to 
25  ft.,  and  still  clear  the  coping  by  5  ft.  when  the  work  should  reach 
that  point. 

The  engine  was  so  constructed  that  it  controlled  both  the  move- 
ment of  the  trolley  from  tower  to  tower  and  the  raising  or  lowering  of 
the  load.  The  load  could  be  held  at  any  desired  distance  below  the 
trolley,  and  run  forward  or  back,  or  the  trolley  could  be  kept  station- 
ary while  raising  or  lowering  the  load. 

With  this  appliance  nearly  the  whole  of  the  excavated  rock  was 
removed,  and  all  material  for  the  masonry  was  delivered  upon  the  wall. 
In  raising  the  cable  it  was  drawn  up  till  the  sag  at  the  center  was 
about  20  ft.  below  the  supports  at  the  towers.  A  load  would  add  from 
3  to  5  ft.  to  the  sag. 

The  prime  cost  of  the  Cable  plant  complete  and  erected  was  S3  750. 
In  July,  1888,  the  first  cable  was  raised,  from  which  time  it  was  iu 
constant  use  till  October  29th,  1889,  when,  without  warning,  it  parted 
at  a  point  50  ft.  from  the  east  tower  and  fell  upon  the  wall.  At  the 
time  of  the  break  the  trolley  was  running  out  from  the  west  end  with 
a  load  of  only  6  tons,  and  was  one-third  of  the  distance  across.  No 
satisfactory  conclusion  was  ever  reached  as  to  the  cause  of  the  failure. 
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In  the  writer's  opinion  it  was  due  to  unequal  wear  at  that  point,  for  it 
parted  directly  over  the  place  where  stone  and  cement  boxes  were 
loaded  and  taken  up  by  the  cable.  A  new  cable  was  immediately  secured, 
and  at  the  same  time  the  towers  were  raised  about  10  ft. ,  so  that  it 
would  not  be  necessary  to  draw  the  cable  so  tight,  but  allow  a  deeper 
sag. 

No  further  trouble  was  experienced,  and  this  second  cable  was  kept 
constantly  busy  till  the  completion  of  the  dam.  When  taken  down  in 
the  middle  of  August,  1892,  the  cable  was  found  to  be  in  an  excellent 
condition  except  for  a  reasonable  amount  of  wear  showing  on  the  out- 
side wires;  but  no  broken  wires  were  discovered. 

When  the  wall  had  reached  elevation  395.0,  the  derricks  standing 
upon  the  ground  were  replaced  by  the  "traveler,"  a  traveling  der- 
rick mounted  upon  a  30-ft.  trestle  and  running  upon  a  track  of  36-ft. 
gauge.  A  55-ft.  boom  derrick  was  erected  at  the  center  of  the  front  of 
the  traveling  platform  and  secured  by  two  stiff  legs  to  the  back 
corners  of  the  same,  and  was  operated  by  a  double-drum  steam 
hoisting  engine.  With  this  traveler  the  dam  was  completed  between 
the  points  that  could  be  reached  by  derricks  placed  upon  the  side 
hills. 

From  start  to  finish  the  work  seemed  destined  to  delays  of  all 
kinds.  The  celebrated  blizzard  of  March,  1888,  was  the  first  serious 
setback  received.  Then  followed  two  unusually  wet  summers  causing 
a  great  deal  of  broken  time  and  consequent  loss. 

In  November,  1889,  the  most  serious  of  the  floods  came  upon  us, 
and  a  shutdown  for  the  season  was  the  consequence.  All  the  month 
of  November  had  been  rainy,  but  on  the  28th  the  climax  was  reached 
when  in  18  hours  the  rainfall  was  3.8  ins.,  bringing  the  total  fall  for 
the  month  up  to  8. 7  ins.  Eight  hours  after  the  rain  had  ceased,  the 
water  behind  the  dam  had  raised  10  ft.,  and  in  12  hours  had  raised  15 
ft.  and  was  pouring  over  the  top  of  the  wall  in  a  perfect  torrent,  not- 
withstanding the  fact  that  both  48-in.  pipes  were  open  and  discharging 
at  their  full  capacity  all  the  while. 

Provision  had  been  made  for  such  an  emergency  by  always  keeping 
that  portion  of  the  dam  directly  over  the  new  river  channel  from  4  to 
5  ft.  lower  than  the  remainder. 

A  most  serious  loss  was  met  with  in  January,  1889,  when  John 
Sullivan,  the  head  of  the  contracting  firm,  was  removed  by  death  after 
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but  a  few  days'  illness.  To  him  had  been  left  entirely  the  organization 
of  the  work  and  the  planning  for  its  future  conduct.  After  Mr.  Sulli- 
van's death,  his  interest  in  the  contract  was  cared  for  by  his  executor, 
Clinton  Stephens ;  P.  J.  Dougherty,  another  member  of  the  firm, 
assuming  the  superintendence  of  the  work  till  its  completion. 

Many  other  delays,  such  as  strikes  at  the  granite  quarry  and  on  the 
railroads,  failure  of  the  railroads  to  deliver  cement  and  other  materials 
on  time,  the  exhausting  of  materials,  etc.,  occurred  from  time  to  time, 
so  that  instead  of  the  contract  being  completed  on  December  31st,  1889, 
the  specified  time,  it  was  not  finally  finished  and  accepted  till  October 
31,  1892. 

Only  one  fatal  accident  occurred  during  the  whole  course  of  con- 
struction, and  that  was  caused  by  the  breaking  of  the  cable  on  October 
29th,  1889.  An  Italian  mortar-carrier  was  struck  on  the  head  by  a 
piece  of  the  trolley  and  killed.  Three  minor  accidents  occurred  in 
which  the  sufferers  required  hospital  attention. 

Labor  employed  was  for  the  most  part  foreign,  at  prices  ranging 
from  $1  25  for  laborers  to  $3  50  for  stone-masons. 

The  following  is  a  partial  list  of  the  quantities  of  materials  handled 

in  the  excavation  for,  and  masonry  in  the  construction  of,  Sodom  Dam 

and  the  gate-house,  and  the  contract -price  paid  for  the  same. 

Quantity. 
Cubic  Yards.  Price. 

5  986.     Earth  excavation SO  35 

16  260.     Rock  excavation 1  50 

3  600.     Deep  rock  excavation 2  00 

300.     Rubble  masonry,  1  to  2  Am.  cement 3  75 

23  280.          "             "           1  to  2  Portland  cement.  4  50 

6  260.  "  "  1  to  3  "  "  4  25 
530.  Brick  "  1  to  2  "  "  10  25 
776.  Granite  dimension  stone  masonry,  1  to  2 

Portland  cement 35  73 

4  287.     Facing  stone  masonry,  1  to  2  Portland 

cement 10  75 

The  total  bulk  of  masonry  of  all  classes  in  the  dam  is  35  887 
cu.  yds. 

The  contract  prices  for  the  largest  and  most  important  items  on 
the  whole  work  were  extremely  low,  considering  the  situation  and  the 
requirements,  and  this  made  it  hard  upon  both  the  contractors  and 
the  engineers  to  scenic  a  first-class  quality  of  work  under  such  unfa- 
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vorable  circumstances,  but  it  must  be  said  to  their  credit  that  the  con- 
tractors faithfully  lived  up  to  their  contract,  even  if  at  a  loss. 

The  dam  now  stands  in  testimony  of  the  accomplishment  of  the  de- 
sired result  in  every  respect. 

It  is  impossible  to  give  exact  figures  upon  the  cost  to  the  contractor 
of  the  different  classes  of  work,  owing  to  accounts  not  having  been  kept 
with  this  end  in  view. 

The  following  are  some  figures  on  the  costs,  estimated  from  such 
data  as  could  be  obtained : 

Cement  in  shed  at  dam,  per  barrel: 

"Burham,"  Portland $2  5U 

"Giant,"  "  2  31  i 

"  Union,"  Natural 1  001 

Rubble  stone  from  quarry    on  work,  including  5 

cents  royalty,  per  cubic  yard 1  97 

Rubble   stone   and   spalls   from   excavation  waste 

banks 67 

Rubble  stone,  average  from  all  sources 1  26 

Facing  stone  on  work,  including  15  cents  royalty, 

per  cubic  yard 9  75 

Dimension    stone    on    work,  including    dressing, 

per  cubic  yard 30  08 

Rubble  masonry,  1  to  2  Portland  Cement,  per  cubic 

yard ...     4  45 

Facing  stone  masonry,  per  cubic  yard 10  97 

The  dam  was  far  enough  advanced  by  the  winter  of  1890-91  to 
admit  of  storing  water  behind  it  to  elevation  390.0,  and  by  the  follow- 
ing winter  to  elevation  415.0.  The  extra  storage  supply  was  absolutely 
necessary  to  meet  the  demand  in  the  summer,  since  the  new  aqueduct 
had  been  brought  into  use  by  this  time  and  the  daily  allowance  to  the 
city  had  been  greatly  increased.  This  early  use  of  the  dam  caused 
some  inconvenience  to  construction,  and  was  also  a  premature  test 
upon  the  green  masonry,  but  no  evil  results  came  from  it. 

Sodom  Dam  was  finally  completed  on  October  29th,  1892,  and  for- 
mally accepted  by  the  Aqueduct  Commissioners  on  December  28th,  1892. 
The  final  estimate  for  dam  and  appurtenances  amounted  to  §436  499.05. 

When  the  bids  upon  this  work  were  received  on  December  7th,  1887, 
Sullivan,  Rider  &  Dougherty's  bid  was  $366  990,  they  being  the  lowest. 
The  highest  bidder  was  Miles  Tierney,  at  §584  315,  and  the  Engineer's 
estimate  was  §540  030;  all  figured  upon  the  same  basis. 
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The  difference  between  the  amount  bid  and  the  final  estimate  is  due 
to  modifications  made  from  time  to  time  in  the  original  plans. 

As  to  the  water-tightness  of  Sodom  Dam,  it  is  perfect.  When  the 
reservoir  is  filled  (with  68  ft.  of  water  behind  the  wall)  many  careful 
examinations  have  failed  to  disclose  any  leaks  whatever,  either  through 
the  wall  or  under  it,  or  through  the  rock  around  the  ends  in  the  side 
hill.  "Sweating"  at  the  joints  in  the  facing  stone  appears  at  several 
points  only,  but  not  in  sufficient  quantity  to  produce  a  trickle.  "What 
moisture  there  is  will  wholly  disappear  on  a  dry,  clear  day;  but  if  the 
day  be  humid,  dampness  is  visible  upon  the  face  of  the  stone  as  well 
as  at  the  joints. 

To  the  question,  "Upon  what  did  the  successful  construction  of  . 
Sodom  Dam  as  a  water-tight  structure  depend?"  the  writer's  reply  is :  1st, 
upon  the  excellent  quality  of  the  material  used  and  the  methods  adopted 
in  using  them,  viz. :  the  securing  and  preparing  a  solid,  tight  foundation, 
the  care  to  have  every  stone  perfectly  cleaned  with  water,  the  prompt  use 
of  mortar  after  wetting,  the  perfect  filling  of  every  joint  with  mortar, 
and  the  placing  of  stones  so  as  to  always  break  joints  both  horizontally 
and  vertically  ;  2d,  upon  the  careful  study  and  close  attention,  given 
by  the  engineers  in  direct  charge,  to  every  detail  to  see  that  the  above 
methods  were  faithfully  carried  into  effect ;  and  3d,  upon  the  desire  and 
endeavor  on  the  part  of  the  contractors  to  do  good  work  and  the  existence 
of  a  proper  relationship  between  them  and  the  engineers,  which  the 
writer  thinks  is  a  most  important  factor  in  securing  thoroughly  satis- 
factory work. 

From  start  to  finish  the  engineers  had  ever  before  their  minds  the 
fact  that  they  were  building  to  resist  water,  one  of  the  most  su lit le 
and  persistent  enemies  that  our  profession  has  to  cope  with,  and  they 
permitted  no  defects  in  construction,  however  trivial  they  might 
appear  at  the  time,  to  pass  unremedied. 

The  engineers  to  whom  was  entrusted  the  direction  of  work  by  the 
Chief  Engineer,  A.  Fteley,  were  George  B.  Burbank,  Division  Engineer, 
and  the  writer  as  Assistant  Engineer  in  charge,  from  the  eommence- 
ment  until  June  17th,  1891,  when,  upon  Mr.  Burbank's  resignation,  the 
writer  became  Division  Engineer,  and  assumed  charge,  with  Frank 
N.  Speyer  as  his  assistant. 

In  conclusion,  the  writer  feels  safe  in  Baying  that  for  ■water-tightness 
Sodom  Dam  rivals  all  masonry  dams  previously  constructed  in  this  coun- 
try, and  stands  in  the  front  rank  with,  if  not  ahead  of,  those  built  abroad. 
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Ta  answer  to  questions  put  by  members  of  the  Society  after  tJie  presenta- 
tion of  the  paper,  the  following  additional  information  was  given  by  Mr. 
McCulloh: 

Cements. — The  American  natural  cement  used  was  the  "Union" 
brand  from  Egypt,  Pennsylvania,  and  was  delivered  in  heavy  duck  bags 
containing  100  lbs.  each,  three  bags  constituting  a  barrel.  The 
"  Giant  "  Portland  cement  came  from  the  same  mill  as  the  "  "Union," 
in  bags  of  100  lbs.  each,  four  bags  to  the  barrel. 

The  purchaser  of  the  cement  was  charged  with  the  price  of  the  bags, 
which,  if  returned,  he  was  given  credit  for  upon  his  next  order. 

No  greater  loss  or  damage  to  the  cement  was  sustained  in  using  bags 
than  had  casks  been  used. 

Testing  samples  were  taken  at  random  from  about  10%  of  the  bags 
in  each  lot  received,  and,  if  any  question  arose  about  the  test,  a  second 
and  independent  set  of  samples  was  taken,  and  a  new  test  made.  In 
the  average  tensile  strains  given  in  the  table  of  tests,  some  figures  are 
the  result  of  over  1  000  breaks.  The  lowest  number  of  breaks  is  prob- 
ably about  15  or  20,  but  the  average  is  over  100. 

Masonry  in  Freezing  Weather. — A  small  portion  of  the  dam  was 
built  in  freezing  weather,  in  December  and  early  January  of  two 
winters.  This  was  considered  necessary  as  it  was  desired  to  store 
water  behind  the  dam  to  a  certain  elevation,  and  to  do  it  the  back  half 
for  a  height  of  4  or  5  ft.,  and  200  ft.  long,  was  built  in  this  way.  Hot 
brine  (5  lbs.  salt  to  1  bbl.  of  water)  and  heated  sand  were  used  in  mak- 
ing the  mortar,  and  the  rubble  stones  were  also  treated.  Work  was 
only  allowed  to  proceed  when  the  temperature  was  above  20-  Fahr. 
To  protect  the  fresh  mortar  at  night,  salt  would  be  scattered  over  it, 
and  if  the  conditions  indicated  a  severe  night  in  prospect,  a  layer  of 
sand  was  spread  over  it  also.     No  straw  was  used  to  protect  masonry. 

In  the  spring  the  masonry  laid  in  winter  showed  only  slight  damage 
on  the  surface.  A  thin  crust  or  scale  ^g  to  f  in.  deep  could  be  scraped 
off  and  would  disintegrate.  Under  this  scale  the  mortar  was  in  good 
condition  and  set  hard. 

Each  spring  the  old  mortar  was  gone  over  with  sharp  picks,  chisel 
edged,  to  remove  the  scale  and  secure  a  clean,  fresh  surface  for  the 
new  mortar  to  fasten  to. 

It  was  not  observed  that  the  use  of  hot  brine  and  sand  caused  the 
mortar  to  set  more  rapidly  than  usual. 
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Freezing  Tests  of  Cements. — Certain  tests  were  made  at  the  laboratory, 
both  with  and  without  using  brine,  to  observe  the  effects  of  freezing; 
but  they  were  not  complete  enough  to  draw  any  positive  conclusions 
from  them.  The  results  obtained  were  slightly  in  favor  of  the  use  of 
salt.  Mortar  frozen  immediately  after  mixing  would  crumble,  but, 
upon  thawing,  the  mass  would  then  set  very  satisfactorily,  the  freezing 
simply  suspending  the  setting.  Briquettes  broken  after  a  week's  ex- 
posure to  frost  showed  slight  falling  off  of  strength,  but  the  difference 
was  no  greater  than  was  often  observed  between  two  sets  of  samples 
under  ordinary  tests. 

Portland  and  native  cements  acted  practically  the  same  under  the 
same  conditions  of  freezing. 

Cabl*. — The  main  cable  was  2  ins.  in  diameter,  made  of  seven 
strands  of  19  wires  each,  or  133  wires  in  all.  The  total  length  between 
anchors  was  990  ft.  The  anchors,  back  of  the  towers,  were  oak  "dead- 
men,"  10  ft.  long,  2  ft.  diameter,  in  trenches  cut  6  ft.  into  solid  rock. 
Near  one  anchor  was  a  turn  buckle  used  to  take  up  the  "  stretch  "  due 
to  constant  use  and  variations  in  temperature — the  total  stretch  was  I 
about  3  ft.  No  twisting  motion  in  the  cable  was  observed  as  a  load 
was  run  out  upon  it.  The  greatest  indication  of  wear  was  in  the  cast- 
iron  trolley  wheels,  which  would  be  cut  in  regular  spiral  grooves  cor- 
responding to  the  strands  of  the  cable. 

Cable  Failure. — The  break  that  occurred  in  the  first  cable  took  place 
between  towers  50  ft.  from  the  one  farthest  from  the  power-house, 
and  at  the  time  the  load  was  slowly  moving  from  the  power  end  toward 
the  center.  It  parted  directly  over  the  point  where  the  rubble  stones 
were  lifted  from  the  trucks  by  the  trolley.  When  observed,  after  the 
break, both  ends  were  found  frayed  for  about  10  ft. ,  and  each  wire  showed 
a  contraction  at  the  point  of  parting,  as  is  the  case  in  testing  samples. 

Both  cables  were  made  by  Cooper,  Hewitt  &  Co. ,  and  were  of  the 
same  dimensions.  The  original  plant  was  furnished  by  the  Lidger- 
wood  Manufacturing  Co. 

Preserving  Batter  Lines.— As  each  course  of  facing  stone  was  coedh 
pleted,  the  true  batter  points  for  that  course  were  established  upon  it 
by  the  engineers  every  20  ft.,  using  the  instruments.  These  points! 
were  cut  into  the  stone,  and  the  foreman  was  required  to  work  from 
them  for  each  succeeding  course.  At  each  change  of  batter,  short  pro- 
files were  set  by  the  engineers  50  ft.  apart,  to  insure  the  correct  setting 
of  the  first  course  at  the  new  rate  of  batter. 
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FLOOD    WAVES    IN    SEWERS— DISCUSSION    ON 
PAPER  No.  572.* 


By  Arthur  N.  Talbot,  M.  Am.  Soc.  C.  E.,  and  Alva  J.  Gkovee, 
Assoc.  M.  Am.  Soc.  C.  E. 


Arthur  N.  Talbot,  M.  Am.  Soc.  C.  E. — The  series  of  observations 
begun  at  Omaha  promises  to  become  a  valuable  contribution  to  en- 
gineering knowledge.  Exact  knowledge  of  storm-water  flow  is  quite 
limited.  Mr.  Grover's  observations  ought  to  be  continued  through  a 
large  number  of  storms,  to  secure  the  best  results. 

The  comparison  of  the  discharge  of  the  sewer  with  the  values 
obtained  from  the  Hawksley,  Burkli-Ziegler  and  other  formulas  by 
substituting  the  observed  rate  of  rainfall  brings  up  a  question  of  the 
meaning  and  legitimate  limits  of  use  of  these  standard  formulas.  Is 
it  a  proper  test  to  compare  volumes  obtained  from  the  same  rate  of 
rainfall  for  districts  of  different  size?  To  the  writer's  mind  these 
formulas  show  the  effect  of  the  area  of  a  district  upon  the  maximum 
rate  of  rainfall  which  may  be  expected  over  that  district,  and  hence 


*  See  Vol.  XXVIII,  page  1. 
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upon  the  maximum  flow  therefrom,  while  r  is  properly  a  coefficient 
arbitrarily  chosen  to  give  general  form  to  the  results. 

In  order  better  to  understand  the  use  of  the  formulas,  let  us  look 
at  the  underlying  principles. 

Gaugings  of  sewers  show  that  if  a  hard  storm  is  of  long  enough 
duration  to  allow  storm  water  from  the  remotest  part  of  the  district 
to  reach  the  outlet  before  that  rate  of  rainfall  ceases,  practically  the 
same  proportion  of  this  rainfall  flows  off  at  the  maximum  flow  as 
would  flow  from  the  smaller  district  with  the  same  rate  of  rainfall. 
In  other  words,  if  a  sewer  draining  2  100  acres  discharges  385  cu.  ft. 
with  a  rainfall  of  .48  in.  per  hour  falling  steadily,  this  maximum  dis- 
charge being  38.5%  of  the  amount  of  water  falling  on  the  district  at 
any  one  time,  a  district  of  1  050  acres  under  the  same  conditions  of 
topography  would  give  a  maximum  discharge  of  38.5%"  of  the  same 
amount  per  acre,  the  sewer  discharge  being  directly  proportional  to 
the  area  for  areas  smaller  than  2  100  acres,  since  the  above  rain  fell 
steadily  30  minutes,  a  time  stated  to  be  long  enough  for  water  from 
the  remotest  part  of  the  2  100  acres  to  reach  the  outlet.  This,  of  course. 
is  on  an  area  previously  saturated  with  rain. 

The  question  then  is,  will  not  a  short,  heavy  rainfall  affect  the  small 
district,  while  the  same  rate  will  not  last  long  enough  to  make  a  max- 
imum flow  in  the  large  district;  and  it  is  this  element  of  time  and 
rate  of  rainfall  which  the  Burkli-Ziegler  formula  is  evidently  intended 
to  cover. 

It  is  well  known  that  much  higher  intensities  or  rates  of  rainfall 
are  common  in  storms  of  short  duration  than  in  long-continued  rains. 
Some  time  ago  the  writer  gathered  all  the  available  data  of  rainfall  in 
connection  with  the  time  of  downpour,  and  by  platting  them  on  diagrams 
endeavored  to  secure  a  relation  between  duration  of  storm  and  rate  of 
rainfall.  By  a  study  of  these  diagrams,  two  curves  were  deduced,  one 
expressing  the  rate  of  rainfall,  which  is  rarely  exceeded,  and  the  other 
expressing  the  rate  of   frequent  occurrence.     This   equation   of  rare 

•    ,■  n   •  6.0  .  „ 

rainfall  is  y  =  ^  &,  where  y  is  the  rate  of  rainfall  in  inches  per 

hour  for  the  time  x  expressed  in  hours.     Likewise  the  formula  for  the 

,.  .  .  1.75 

ordinary  maximum  is  y  =  —  . 

x  -|-  .  Zo 

Judging  from  the  records  it  may  be  said  that  this  higher  rate  of 
rainfall  may  be  expected  at  any  one  station  only  a  few  times  in  a  cen- 


DISCUSSION    ON   FLOOD    WAVES    IN   SEWERS.  201 

tury.  Judging  from  a  total  of  71  years  of  records  from  self-register- 
ing gauges,  and  from  over  3  000  years  from  non-registering  gauges,  the 
rates  'which  this  formula  for  ordinary  maximum  rainfall  gives  will 
occur  as  frequently  as  two  or  three  times  in  10  years. 

The  real  rate  of  the  rainfall  causing  the  maximum  discharge  from 
a  given  district  will  be  the  rate  which  may  be  expected  for  a  time 
equal  to  that  necessary  for  the  storm  water  from  the  remotest  part  of 
ihe  drainage  area  to  flow  to  arid  through  the  sewer  to  the  point  under 
consideration.  Comparing  the  district  in  Mr.  Grover's  paper  with  one 
of  the  same  shape  and  slope,  and  of  one-fourth  the  area — 525  acres — it 
would  be  fair  to  assume,  since  similar  areas  are  proportional  to  the 
squares  of  their  linear  dimensions,  that  the  sewer  in  the  small  district 
would  be  one-half  the  length  of  that  in  the  larger,  and  that  the  time  of 
flowing  through  the  sewer  is  one-half  as  long.  Saying,  as  before,  that 
30  minutes  is  used  in  reaching  the  outlet  in  the  large  district,  and  for 
!  the  purpose  of  illustration,  that  five  minutes  of  this  is  used  in  reaching 
j  ihe  street  inlet,  we  should  have  the  time  for  reaching  the  outlet  of  the 
small  district   as  £  (30  —  5)  +  5  =  17£.       By   the   curve  of   ordinary 

1.75 

rainfall,  y  =  — '   _,_  ,  it  is  seen  that  a  rainfall  of  2.33  ins.  per  hour  mav 
x  +.25 

be  expected  for  30  minutes,  while  3.23  ins.  per  hour  may  be  expected 

for  17.5  minutes.     For  the  small  district,  therefore,  1.39  times  as  much 

storm  water  per  acre  would  have  to  be  provided  for  as  in  the  2 100-acre 

district.     This  is  evidently  in  keeping  with  the  Burkli-Ziegler  formula 

which  indicates  that  the  discharge  per  acre  varies  as     /__     or  that 

V  A. 

)  525-acre  district  will  give  1.41  times  as  much  per  acre  as  an  area  of  2  100 
acres.  In  the  same  way  the  McMath  formula  states  that  the  smaller 
district  will  give  1.33  times  as  great  a  rate  as  the  larger  district.  A 
similar  comparison  could  be  made  with  districts  of  other  sizes  with 
somewhat  similar  results.  These  formulas  may  then  be  taken  as  say- 
ing, in  a  general  way,  that  the  rate  of  rainfall  affecting  the  maximum 
flow  of  a  sewer  varies  inversely  as  some  power  of  the  area. 

If,  then,  a  value  of  r  in  the  Burkli-Ziegler  formula  gives  the  maxi- 
mum flow  for  a  certain  area,  the  same  value  of  r  ought,  by  these  for- 
mulas, to  give  the  maximum  flow  for  any  other  area.  Hence  r  is  a 
constant  coefficient  for  all  areas,  and  not  the  actual  rate  of  rainfall 
which  gives  the  discharge  from  the  district  considered,     r  will  vary 
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with  the  climate,  and,  of  course,  its  value  in  use  will  vary  with  the 
necessity  for  providing  for  rare  storms. 

With  this  view  it  is  clearly  improper  to  test  the  formula  by  substi- 
tuting for  r  the  actual  rate  of  rainfall  over  the  given  district,  ami 
comparing  the  result  with  the  actual  discharge.  An  erroneous  use  of 
the  formula  is  therefore  made  in  the  paper  (page  9,  Volume  XXYIII), 
and  in  the  diagram  on  Plate  V,  when  the  Burkli-Ziegler  and  other  for- 
mulas are  used,  to  find  the  storm  water-flow  in  the  given  district  for  the 
given  rainfall.  The  Burkli-Ziegler  formula  for  the  assumed  conditions 
gives  0.195  r  cubic  feet  per  acre,  while  .385  of  the  rainfall  acUially 
flowed  off.  This  discrepancy  is  not,  then,  an  argument  against  the 
validity  of  the  Burkli-Ziegler  or  the  McMath  formulas.  The  experi- 
ments would,  with  more  reason,  furnish  a  means  of  determining  the 
proper  values  of  r,  for  if  385  cu.  ft.  per  second  (or  some  quantity 
determined  from  a  heavier  rain)  were  the  greatest  flow  to  be  expected 
from  2  100  acres,  then  385  =  1.322  r  (2  100)*  and  r  =  .939,  and  this 
would  be  used  for  calculating  flow  for  areas  other  than  2  100  acres, 
The  same  error  is  made  on  page  42,  Vol.  XX,  of  the  T7-ansactio>is,  where 
the  rate  of  rainfall  which  may  be  expected  for  44  minutes — the  time 
necessary  for  the  storm  water  to  reach  the  outlet— is  used  as  r. 

The  usual  phrase,  "the  average  intensity  (rate  per  hour)  of  the  rain 
during  the  period  of  the  heaviest  fall  "  is  very  indefinite;  since,  in  & 
climate  where  the  intensity  varies  so  greatly  with  the  length  of  storms, 
a  definite  time  must  be  fixed.  It  might  be  claimed  that  if,  say,  38.5°^ 
of  the  rain  falling  at  a  given  instant  reaches  the  sewer  at  a  given 
time,  and  if  .385  r  be  substituted  in  the  Burkli-Ziegler  formula  thus, 

1.322  r  yj      __   335  r>  ^e  resialting  value  of  A,  136  acres,  will  be  the 

area  for  which  r  should  be  chosen,  and  the  corresponding  length  of 
storm    would  be,  say,  8  or  10  minutes.     But  this  is  carrying  the  ma-  I 
thematical  treatment  too  far.     r  is  rather  a  coefficient  arbitrarily  fixed, 
without  regard  to   area  (probably   corresponding  to  a  rainfall  for  9 
to  15  minutes).     As  far  as  the  writer's  observation  goes,  it  is  the  prac-  j 
tice  with  American  engineers  merely  to  make  it  1,  2,  3  or  4,  according  to 
whether  they  wish  to  make  provision  for  frequent  or  for  rare  storms,   i 
It  sometimes  seems  as  if  members  of  the  profession  were  using  these 
formulas  for  the  purpose  of  making  a  very  small  pipe  seemingly  curry 
a  high  rate  of  rainfall.     However,  when  properly  understood,  they  be-  f 
come  as  good  a  guide  as  our  present  knowledge  will  admit. 
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As  suggested  by  Mr.  Grover,  the  formulas  quoted  are  not  perfect. 
They  take  no  account  of  the  fact  that  long  narrow  districts  will  require 
a  longer  time  for  the  storm  water  to  reach  the  outlet  than  compact 
districts  of  the  same  area,  and  hence,  that  the  amount  of  storm  water 
concentrating  at  the  outlet  will  be  less.  With  fuller  data  from  self- 
registering  rain  gauges,  the  relation  between  rate  of  rainfall  and  time 
may  be  definitely  determined.  This,  with  a  better  knowledge  of  the 
proportion  of  rain  flowing  directly  into  the  sewer,  will  enable  the  storm 
water  to  be  determined  by  finding  the  time  necessary  for  the  rain  water 
of  the  remotest  part  of  a  district  to  reach  the  outlet  and  using  a  fixed 
part  of  the  corresponding  rate  of  rainfall. 

1.75 

Thus,  if  the  ordinary  rate  of  rainfall  be  y  = '- — p^,  considering 

J  J       x  +  .  25 

that  the  number  of  inches  of  rainfall  per  hour  may  be  used  for  the 

number  of  cubic  feet  of  water  per  second  falling  on  an  acre,  without 

material  error,  we  shall  have  the  following  formula  for  flow  from  the 

maximum  storm. 

Storm  water  in  cubic  feet  per  second  per  acre  =  — , 

L  +  b  +  900 

v 

where  /  is  the  proportion  of  rainfall  flowing  off  immediately,  I  the 
length  of  sewer  for  the  given  district,  v  the  average  velocity  in  feet  per 
second  in  sewer,  and  b  the  time  in  seconds  required  for  water  to  reach 
the  sewer  inlets. 

While  this  method  of  finding  the  discharge  has  been  criticised  on 
account  of  the  introduction  of  the  element  of  time,  it  is  at  least  rational 
and  allows  a  much  safer  use  of  the  engineer's  judgment  and  experience, 
since  his  knowledge  of  its  derivation  will  permit  a  more  satisfactory 
application  of  its  acquired  data. 

If  the  ratio  of  the  length  of  sewers  to  the  area  in  acres  be  such  that 
I  =  360  v7 A  (length  about  three  times  breadth),  and  if  an  average 
velocity  in  sewer  of  8  ft.  per  second  be  used,  and  if/ be  0.40,  this  be- 
somes — 

55 


Storm  water  in  cubic  feet  per  acre 


s/A  +  20 


28 
For  a  velocity  throughout  the  sewer  of  4  ft.  per  second, — 


y/A   +   13 

vill  result.     For  suburban  and  country  districts,  lower  values  of/ 
aiust  be  used.     It  is  in  the  direction  of  finding  values  of  /  for  various 
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conditions  that  observations  are  needed,  and  further  experiments  may- 
show  that  it  is  not  a  constant.  However,  Mr.  Grover's  work  is  a  good 
step  in  the  right  direction. 

AnvA  J.  Grover,  Assoc.  M.  Am.  Soc.  C.  E. — In  Mr.  Talbot's  dis- 
cussion he  has  clearly  illustrated  the  use  of  r  =  "  rate  of  rainfall  per 
hour  "  in  the  Burkli-Ziegler  and  McMath  formulas. 

His  pointing  out  the  value  of  the  "  rate  of  flow  per  second  =/" 
is  timely. 

If  some  one  will  as  clearly  illustrate  the  value  of  (s  =  slope)  in 
these  formulas,  I  think  it  will  be  appreciated. 
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THE    TRANSITION    CURVE— DISCUSSION    ON 
PAPERS  Nos.  528  AND  576.* 


By  William  Cain,  M.  Am.  Soc.  C.  E. 


Mr.  Conway  B.  Howard,  on  page  33  of  the  Transactions  for  January, 
1893,  questions  "the  merits  of  formula  (21)f  as  a  general  formula," 
because  "  the  expression 

„       5729.65 

except    when  D°  =  1°   is  an  approximate  value  of  the  radius  corre- 
sponding to  D°." 

In  my  original  paper*  it  is  stated  that  "In  running  circular  curves, 
such  a  chord  length  should  be  taken  that  the  arc  and  chord  are  prac- 
tically equal.  Thus,  for  1,  2,  3  and  4°  curves,  chord  lengths  of 
100  ft.  may  be  taken;  for  8°-curves  50-ft.   chord  lengths  should  be 

*'•  The  Transition  Curve  whose  Curvature  varies  directly  as  its  Length  from  the  P.  C,  or 
point  where  it  connects  with  the  Tangent,"  by  William  Cain,  M.  Am.  Soc.  C.  E.,  Vol.  xxvi, 
p.  473;  and  Discussion  on  "  The  Transition  Curve,"  by  Conway  R.  Howard,  Esq.,  and  A.  N. 
Talbot,  M.  Am.  Soc.  C.  E.,  Vol.  xxviii,  p,  32. 

t  See  Vol.  xxvi,  p.  479. 
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used,  and  so  on."  This  is  common  practice,  as  far  as  I  know,  and  it 
was  necessary  to  recognize  it.  Mr.  A.  M.  Wellington,  in  the  chapters 
of  his  "Field  Book,"  published  in  Engineering  News  some  years  ago, 
strongly  urges  the  formula  for  R  above  as  a  general  formula,  and  it  is 
very  generally  used  by  writers  on  the  transition  curve,  including  Mr. 
Howard  himself  (see  his  "Field  Book,"  p.  3).  As  it  is  an  approximation, 
as  Mr.  Howard  suggests,  it  is  well  to  ascertain  the  errors  made  by 
its  use. 

If  the  chord  length  used  was  that  corresponding  to  an  angle  of  1° 
at  the  center,  then  there  would  be  no  approximation  in  the  use  of  the 
formula  in  running  in  circular  curves.  Thus,  if  a  1CP  curve  is  such  a 
curve  that  a  10-ft.  chord  length  corresponds  to  1°  at  the  center,  then 
10  such  chords  correspond  to  10°  at  the  center,  and  the  formula  ex- 
actly applies,  as  is  evident  from  a  figure  giving  portions  of  a  1 :  and 
10°  curve,  included  between  two  radii  that  make  an  angle  of  lr  with 
each  other.  From  similar  triangles  the  radii  are  directly  as  the  chord 
lengths,  or  as  10  to  100,  as  is  otherwise  given  by  the  formula 
R  =  5729.65  4- Z)°. 

But  in  practice  it  is  inconvenient  to  use  such  small  chord  lengths. 
The  following  table  will  show  the  amount  of  the  error  resulting  from 
using  the  formula  R  =  5729. 65  4-  D°  for  curves  run  with  various 
chord  lengths : 


Degree  of  Curve. 

Chord  Length. 
Feet. 

Angle  Subtended 
by  Chord. 

True  Radius. 
Feet. 

p_  5729.65 
Feet. 

4° 

100 

4° 

1432.69 

1432.41 

8° 

50 

" 

716.34 

716.21 

10° 

40 

" 

573.07 

572.96 

16° 

25 

" 

358.17 

358.10 

20° 

20 

" 

286 . 54 

286.48 

32° 

12.5 

" 

179. OH 

179.05 

40° 

10 

" 

143.27 

143.24 

80° 

5 

71.63 

71.62 

The  first  column  gives  the  value  of  Z)~  (in  this  case)  equal  to  the 
angle  turned  in  100  ft.,  using  successive  chord  lengths  as  given  in  the 
second  column,  each  subtending  an  angle  of  4P  at  the  center.  The 
fourth  column  gives  the  true  radius,  computed  from  the  exact  formula, 
R  =  i  the  chord  length  -4-  sin.  2  ?.  This  differs  from  the  results  of  the 
approximate  formula  given  in  the  last  column  by  nearly  0.3  ft.  for  a  4° 
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curve,  and  gradually  diminishing  to  0.01  ft.  for  an  80-  curve,  run  with 
5-ft.  chords.  The  errors  made  by  the  use  of  the  formula  in  question, 
when  the  curves  are  run  as  described,  are  thus  practically  insignificant. 
For  degrees  of  curve  between  4-  and  8?,  50  ft.,  or  any  convenient 
chord  lengths  varying  from  100  to  50  may  be  used,  even  divisions  as  60, 
etc.,  being  preferred;  similarly  for  intermediate  degrees  of  curve  to 
those  given  in  the  table.  In  fact,  for  the  higher  curves,  much  larger 
chord  lengths  could  be  used,  if  desired,  without  appreciable  error. 

I  trust  it  has  been  fully  shown  that  if  the  circular  curve  is  to  be 
run  with  chord  lengths,  about  equal  to  those  given  in  the  table,  the 
formula  for  R  gives  practically  exact  results;  so  that  all  the  funda- 
mental formulas  in  the  paper  under  discussion  hold. 

If,  however,  all   circular  curves  are  to  be  run  with  100-ft.  chord 

lengths,  then  the  formulas  involving  D°  in  the  paper  above  (as  well 

as  in  Mr.  Howard's    "Field  Book"),  need  to  be  modified.     Thus,  in 

paper  528,  from  (1)  and  (8),  which  does  not  involve  (6)  we  have — 

900c        ,  n       900  x  100 
and  R  = 


nN  it  N       ' 

where  R  is  the  radius  corresponding  to  c  =  100.  Therefore,  for  the 
same  iV, 

-£=10o=4from(17)' 

giving  Mr.  Howard's  formula  (a)  in  paper  576,  whence,  as  he  finds, 

q  =  r  I  -r= ver.  sin.  a  I 

which  should  replace  my  formula  (21).  This  value  of  q  must  likewise 
be  used  in  (22),  and  the  other  formulas  as  (9),  (10),  (12),  (13)  and  one 
form  of  (17)  and  (18)  must  be  modified  since  _D°  is  to  be  computed 
exactly  by  using  the  value  of  r  given  above. 

This  change,  although  easily  made,  I  cannot  think  desirable,  as  it 
would  destroy  the  extreme  simplicity  of  the  formulas  mentioned,  and 
thus  would  impair  the  usefulness  of  Mr.  Howard's  admirable  concep- 
tion in  practice. 

The  best  reason,  though,  for  not  making  any  change,  is  the  fact  that 
it  would  be  wrong  in  theory  to  do  so,  if  the  circular  curves  are  run, 
is  usual,  with  chord  lengths  less  than  100  ft. ,  when  the  degree  of 
3urve  exceeds,  say,  4°.  I  find  that  Prof.  Talbot,  in  his  comprehen- 
sive discussion  of  the  Transition  Curve  in  the  Technograph  No.  5, 
lses  the  formula  in  question,  R  =  5  730  -^  D.     I  regret  that  I  did  not 
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meet  -with  his  article  until  after  my  paper  was  published,  or  I  should 
have  called  attention  to  it. 

Let  me  add,  too,  that  I  resorted  to  the  calculus  in  developing  the 
theory  of  the  transition  curve,  to  put  the  fundamental  formulas  upon 
a  firm  basis,  and  not  simply  to  compute  coefficients  and  angles  with 
hair-splitting  exactness. 

The  only  result  aimed  at  was  practical  exactness,  which  approxi- 
mate methods  sometimes  leave  in  doubt. 

Further,  it  may  be  very  desirable  to  extend  the  coefficients,  etc., 
beyond  iV  =  15  (Mr.  Howard's  table  extends  only  to  2V"  =  12)  to  which 
extension  the  method  exposed  readily  lends  itself. 

Mr.  Wellington  and  Professor  Talbot  have  both  called  attention  to 
the  fact  that,  at  a  point  on  the  spiral  where  the  degree  of  curvature  is 
.0°,  the  deflection  from  a  station  on  the  D°  circular  curve  at  this  point, 
having  the  same  tangent  to  the  same  station  on  the  transition  curve, 
is  equal  to  the  deflection  at  the  beginning  of  the  spiral  from  the  tan- 
gent there,  for  an  equal  length  of  spiral  in  both  cases.  This  is  very 
easily  shown  from  the  approximate  formulas  given  in  paper  528,  pages 
481-82. 

Thus,  in  Fig.  1  of  that  paper,  call  L,  station  Nx  and  L',  station  2V. 
Connecting  L  and  L'  by  straight  line,  we  have  from  (7)  and  (23),  angle 

TLL'  =  a  —  i  =  ±N2  —  2NNi  —  22V2. 

Now,  lay  off  on  the  circular  arc  LD,  the  distance  LP  =  arc  LL'  (P 
is  thus  on  the  circular  arc  just  below  L').  Therefore,  arc  LP  =  2V,  —  2V 
stations.  Connect  L  and  P  by  a  straight  line.  At  the  bottom  of  p.  482, 
the  deflection  at  L  from  tangent  to  circular  curve  for  one  station  was 
shown  to  be  6  Nx  minutes.     Hence,  in  Fig.  1,  TLP  =  6  2^  (2V,  —  2V). 

Subtracting  from  this  the  value  of  angle  TLL'  above,  we  have — 

L'LP  =  2{Nl  —  N)2 

which  by  (19)  approximately  equals  the  deflection  at  the  beginning  of 
the  spiral  from  the  tangent  for  (2V,  —  2V)  stations,  which  proves  the 
proposition  enunciated  above. 
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THE  IMPROVEMENT  OF  JAMES  RIVER,  VIRGINIA.* 


By  H.   D.  Whitcomb,  M.  Am.  Soc.  C.  E. 
Read  May  3d,  1893. 


In  a  paper  published  in  1888,  Colonel  Craighill  describes  the 
treatment  of  several  tidal  rivers  on  the  Atlantic  Coast,  and  observes 
that  much  detail  was  necessarily  avoided.  In  his  reference  to  the 
Dutch  Gap  Cut-Off  on  James  River,  he  expressed  the  hope  that  further 
information  on  that  work,  and  other  matters  on  the  James,  would 
be  brought  out  in  the  discussion  of  his  paper  by  two  members  of 
the  Society,  who  had  been  associated  with  him  in  dealing  with  that 
stream. 

The  writer  had  been  in  local  charge  of  the  improvement  from  July, 
1874,  to  the  close  of  1881,  but  refrained  from  joining  in  the  discussion 

*  A  Supplement  to  so  much  of  Colonel  W.  P.  Craighill's  article  as  relates  to  this  river. 
See  "  Some  Observations  on  the  Subject  of  the  Improvement  of  Several  of  the  Rivers  of  the 
Atlantic  Coast."— Transactions  Am.  Soc.  C.  E.,  Vol.  XIX,  p.  233. 

Discussions  on  this  paper  received  before  July  1st,  1893,  will  be  published  in  a  subsequent 
number. 
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of  the  paper  on  account  of  the  engrossing  nature  of  other  engage- 
ments in  1888  and  want  of  information  as  to  details  at  that  time.  Mr. 
C.  P.  E.  Burgwyn,  the  other  member  referred  to,  who  -vsas  then  in  local 
charge  of  the  work,  responded,  giving  information  as  to  details  up  to 
that  time,  and  comments  suggested  by  his  experience  on  the  work 
The  writer  returned  to  his  former  position  after  the  resignation  of  Mil 
Burgwyn  at  the  close  of  November,  1891. 

The  scope  of  the  improvement  had  been  enlarged  by  law,  greatly 
increasing  the  magnitude  of  the  work;  and  it  was  necessary  to  examine 
critically  the  successive  maps,  reports  and  details  of  surveys  before  and 
after  1881,  in  order  to  learn  what  had  been  done  from  year  to  year, 
and  the  results.  A  great  deal  of  information  collected  by  Mr. 
Burgwyn,  especially  on  the  lower  part  of  the  river,  has  yet  to  be 
fully  considered.  This  paper,  in  which  the  writer  gives  some  of  the 
results  of  his  examination,  is  submitted  as  a  tardy  response  to  the 
invitation  of  1888,  with  a  hope  that  it  will  be  more  interesting  from 
the  delay. 

The  article  to  which  this  is  supplementary  gives  a  clear  and  con- 
cise history  of  the  work,  the  character  of  the  river  and  its  bed,  and  the 
methods  of  improvement  adopted,  including  its  regulation.  The  work 
is  still  prosecuted  in  accord  with  the  plans  therein  stated,  which  are 
indicated  by  the  river  itself. 

It  was  recognized  from  the  first  that  the  cross-sections  of  the  river 
were  due  to  its  slope,  its  fluvial  and  tidal  discharges,  and  the  character 
and  conditions  of  its  bed,  and  not  to  chance;  and  that  under  the 
same  conditions  the  contours  of  these  sections  could  be  changed  by 
excavation  in  hard  material,  and  by  works  regulating  its  width  rise- 
where,  so  as  to  give  such  depths  as  were  needed  and  preserve  up  proxi- 
mately the  area  which  Nature  had  given. 

It  is  difficult  to  see  how  anything  more  than  a  general  plan  for  the 
improvement  of  such  a  river  as  the  James  can  be  made  in  advance  or 
even  after  such  examinations  as  are  ordinarily  practicable.  The  con- 
ditions on  works  of  this  character  are  so  varying  and  so  different  from 
the  indications  of  even  a  fair  examination,  that  sometlnuy  must  be 
left  to  judgment  and  experience  in  each  individual  case. 

If  this  is  "tentative,"  the  writer  agrees  with  Colonel  Craighill  in 
thinking  that  the  improvement  of  the  James  must  be  more  or  less  so. 
to  secure  the  best  results. 
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The  James  River  proper  is  formed  by  the  confluence  of  the  Jackson 
and  Cowpasture,  a  few  miles  east  of  Clifton  Forge,  Va.,  and  is  234J 
miles  long  thence  to  tide-water  at  Richmond.  In  this  distance  the 
fall  is  1  018 i  ft.,  an  average  of  -4.34:  ft.  to  the  mile  ;  in  the  last  10  miles 
above  tide  the  fall  is  124  ft.  over  a  bed  of  granite  rock.  The  tributaries 
mentioned  have  their  sources  in  the  eastern  slope  of  the  Allegheny 
Mountains,  and  in  ridges  parallel  to  and  eastwird  of  that  range. 
Several  tributaries  of  both  these  branches  of  the  James,  and  of  otht^ 
branches  on  its  left  bank  west  of  the  Blue  Ridge,  interlock  with  those 
of  the  south  branch  of  the  Potomac. 

The  Potomac  and  the  James  have  a  similar  area  of  drainage.  In 
both  there  are  frequent  ridges  parallel  to  the  Allegheny  with  steep 
slopes,  separated  by  narrow  vallejs.  Both  rivers  break  through  the 
Blue  Ridge,  and  both  enter  tide-water  after  a  heavy  fall  for  10  or  12 
miles.  The  James  above  Richmond  has  scarcely  two-thirds  the  drain- 
age area  of  the  Potomac  above  Washington,  has  a  more  rapid  fall,  a 
longer  distance  to  traverse  east  of  the  Blue  Ridge,  and  its  bed  is  at  a 
higher  level.  Their  sources  are  approximately  at  the  same  height 
above  tide,  and  their  discharges  are  subject  to  great  fluctuations  and 
cause  violent  freshets. 

The  James  carries  the  drainage  of  more  than  7  000  sq.  miles  at 
Richmond,  and  in  its  whole  length  to  Hampton  Roads  of  about  10  500 
sq.  miles.  Probably  one-half  this  area  is  mountainous,  and  on  all  of 
it  above  Richmond  there  is  no  lake  or  natural  pond  worthy  of  mention 
known  to  the  writer. 

The  river  was  carefully  gauged  in  the  summer  of  1877  by  Colonel 
W.  E.  Cutshaw,  M.  Am.  Soc.  C.  E. ,  the  city  engineer  of  Richmond, 
when  its  flow  was  less  than  ever  known  before  from  any  available 
record,  and  was  found  to  be  1  332  cu.  ft.  a  second.  This  measurement 
is  confirmed  by  the  distance  below  the  head  of  the  tide  to  which  the 
tidal  basin  is  filled  by  the  discharge  in  very  low  stages  of  the  river,  i.  e. , 
the  point  where  the  flood-tide  current  ceases.  In  great  freshets  the 
discharge  probably  exceeds  300  000  cu.  ft. 

The  greatest  freshet  of  which  there  is  an  authentic  record  was  in 
November,  1877,  when  the  rise  was  28.6  ft.  above  mean  low  tide  at 
Richmond.*     One  of  21.3  ft.  occurred  in  1886,  one  of  25.2  ft.  in  June, 

*  All  measurements  which  would  vary  with  the  stage  of  the  tide  are  referred  to  mean 
low  tide  unless  otherwise  stated. 
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1889,  and  another  of  22.5  in  August  of  the  same  year.  Including  these, 
only  11  have  reached  a  height  of  15  ft.  or  more  since  December,  1876, 
and,  of  these,  five  occurred  in  1886.  There  have  been  80  rises  reported 
between  1876  and  1893,  not  inclusive,  of  which  3-4  were  from  5  to  10  ft., 
35  from  10  to  15  ft.,  7  between  15  and  20  ft.,  and  4  over  20  ft.  The 
average  of  all  is  11.33  ft. 

The  fall  below  Richmond  is  inconsiderable.  The  difference  in  level 
between  mean  low  tide  at  Richmond  and  DutchGrap,  from  nine  months' 
observations  with  registering  gauges  in  1875-76,  did  not  exceed  0.3  ft., 
the  distance  being  14  miles  by  the  cut-off  and  19  by  the  bend.  This  was 
the  difference  excluding  only  rises  exceeding  5  feet,  the  mean  rise  and 
fall  of  tide  being  3.6  and  3.3  ft.,  respectively;  and  at  the  lowest  stages 
of  the  river,  the  difference  should  be  even  less.  It  is  not  likely  that 
the  fall  in  the  101  miles  from  Richmond  to  Hampton  Roads  is  1  ft.  at 
such  a  stage. 

In  the  great  freshet  of  1877  the  fall  between  Richmond  and  the 
entrance  of  Dutch  Gap  Cut-Off  was  10.88  ft.  or  1  in  6  612;  through  the 
cut-off  (600  ft.)  2.15  ft.,  or  1  in  279;  thence  to  City  Point,  18±  miles, 
10.99  ft.,  or  1  in  8  678;  and  for  7*  miles  below,  1  in  21  758. 

The  range  of  tides  varies  with  the  width  of  the  river  and  with  the 
fluvial  discharge  near  Richmond.  The  range  at  Newport  News  is  2.3 
ft.;  at  the  junction  with  the  Chickahominy,  2.0;  at  City  Point,  2.5;  at 
Dutch  Gap,  3.3;  and  at  Richmond,  3.6.  The  tidal  wave  is  arrested  hy 
the  Falls  at  Richmond,  the  tidal  basin  is  limited  thereby,  and  it  is  de- 
sirable to  maintain  the  area  covered  by  it  in  the  upper  reaches,  as 
stated  by  Colonel  Craighill  in  his  article. 

The  fluvial  discharge  decreases  the  tidal  range,  shortens  the  dura- 
tion of  the  flood,  and  lengthens  that  of  the  ebb;  and  when  about  13jj 
ft.,  the  tide  is  imperceptible  on  the  gauge  at  Richmond. 

"The  rate  of  propagation  of  the  flood  tide  from  Fort  Monroe  to 
Richmond  averages  18.8  ft.  per  second,  or  about  13  miles  per  hour. 
The  average  velocity  of  the  water  at  the  swiftest  period  of  the  flood 
tide  is  about  2  ft.  per  second,  say  one-ninth  that  of  the  Hood-tide 
wave."* 

The  sectional  areas  of  the  river  at  sundry  points  in  tide-water  are 
as  follows:  those  below  Curies  are  taken  from  Mr.  Burgwvn's  report  of 
1885. 

*  Report  of  Captain  Thomas  Turtle,  Corps  of  Engineers,  June,  1883. 
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Miles  below  Richmond.        Square  ft. 

Richmond  Bar 3  6  331 

Drewry    Bluff 7  8  047 

Chaffin  Bluff 9  10  622 

Varina 15  14  530 

Curies 20i  17  500 

Bermuda  Hundred 30^  24  725 

Harrison's  Bar 37*  68  521 

Dancing  Point 59  124  392 

Jamestown 71  172  955 

Rocklanding  Shoal  89  305  777 

It  is  not  probable  that  the  great  increase  in  area  below  Bermuda 
Hundred,  which  is  just  above  the  junction  with  the  Appomattox,  can 
be  due  to  the  increase  in  tidal  and  fluvial  discharge.  It  may  have 
some  connection  with  the  change  in  direction  of  the  river  at  that 
point. 

Like  the  Potomac  and  several  other  rivers  on  the  Atlantic  slope, 
the  James  has  a  considerable  fall  over  granite  rock  just  above  the  head 
of  tide.  This  is  the  most  easterly  outcrop  of  any  large  area  of  that 
character,  and  has  a  trend  between  Richmond  and  Petersburg  of  a  little 
east  of  south.  It  must  have  been  a  ridge,  since  the  coal  beds  of  the 
Clover  Hill  mines  16  miles  west  of  this  trend  are  600  ft.  below  tide 
level. 

The  general  course  of  the  river  for  79  miles  above  Richmond  is 
about  14-  south  of  east,  approximately  at  a  right  angle  with  the  direc- 
tion of  the  ridge;  at  Richmond  it  turns  directly  south,  and  at  6  miles 
below  is  little  more  than  I  mile  farther  from  the  head  of  the  Falls 
than  at  its  abrupt  departure  from  its  previous  course.  It  thus  skirts 
the  slope  of  the  rocky  ridge  for  about  20  miles,  which,  with  its  hard 
overlying  material,  may  have  affected  the  regimen  of  the  river  as  far  as 
the  sudden  change  in  its  section  where  it  resumes  its  more  eastern 
course.  At  this  point,  the  junction  with  the  Appomattox,  the  line  of 
the  rock  is  7  miles  west  and  the  general  direction  of  the  river  becomes 
28-  south  of  east  to  its  mouth,  69J  miles  in  an  air  line.  The  granite  is 
here  supposed  to  be  from  200  to  1  000  ft.  or  more  below  tide  level. 

For  about  3  miles  below  the  entrance  to  the  Richmond  Dock, 
the  bed  of  the  river  is  more  or  less  in  soft  or  disintegrated  gneiss,  con- 
taining boulders  of  considerable  size,  some  strata  of  harder  rock,  and 
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reefs  of  granite  or  gneiss.  The  most  considerable  of  the  reefs  are  at 
Eocketts,  near  the  city  limits,  and  at  Goode's  Rocks,  If  miles  below. 
This  bed  was  formerly  covered  with  sand  and  gravel,  and  with  boulders 
water-worn,  but  not  rounded,  the  lighter  parts  of  which  have,  for  the 
most  part,  been  swept  away  where  the  surface  has  been  contracted  by 
works  of  regulation.  Rock  is  found  in  small  reefs  at  Richmond  Bar 
16  ft.  below  datum  too  hard  for  the  dredges  employed.  It  disappears 
|  mile  lower  down  at  22  ft.  and  afterward  makes  its  appearance  at  one 
or  two  isolated  points  of  small  area  on  the  right  bank  that  are  no  ob- 
struction to  the  channel.  For  3  miles  below  Richmond  Bar  the 
river-bed  is  in  sand,  with  coarse  gravel  and  some  boulders,  at  varying 
and  generally  increasing  depths,  and  the  cobble  has  been  found  18  ft. 
below  datum  in  a  shoal  11  miles  below  the  city. 

Between  Drewry  Bluff,  7  miles  below  the  city,  and  City  Point, 
a  distance  of  25  miles,  the  river  is  generally  of  ample  depth;  but  there 
are  shoals  at  intervals  where  the  current  crosses  from  one  bank  to  the 
other.  Seven  of  these  shoals  remain  with  less  than  the  required  depth 
of  22  ft.,  all  of  sand  or  mud;  certainly  so  to  a  depth  of  18  ft.  below 
datum. 

At  City  Point  the  river  becomes  an  estuary.  It  is  brackish  for  30 
miles  above  its  mouth.  The  widths  and  depths  are  greater  than  above. 
There  are  seven  shoals  which  require  deepening  for  the  new  project. 

While  the  river-bed,  above  City  Point,  is  as  described,  at  least  on 
the  shoals,  its  banks,  where  more  than  10  or  12  ft.  above  tide,  are  often 
of  indurated  clay,  nearly  black  in  color,  the  top  of  which  can  be  seen 
at  intervals  a  few  feet  above  low  tide.  On  this  rests  a  sandy  gravel 
covered  with  varying  depths  of  yellow  clay.  The  indurated  clay  forms 
the  bed  of  Dutch  Gap  Cut-Off,  and  can  be  seen  at  Drewry  and  Chaffin 
Bluffs  and  other  points  above.  A  similar  bed  of  indurated  material  is 
found  at  points  east  of  City  Point  below  tide  level.  This  clay  is  wear- 
ing away  slowly  where  impinged  on  by  the  current,  and  in  places  small 
areas  have  been  undermined  and  swept  away  since  the  writer  first  ob- 
served it  in  1874.  But  the  river  1  tanks,  above  City  Point,  arc  by  no 
means  unstable  as  compared  with  those  of  rivers  flowing  in  more  re- 
cently deposited  material.  The  shoals  have  been  very  permanent  in 
position,  extent  and  depth. 

The  first  appropriation  made  by  Congress,  after  the  Civil  War,  was 
$50  000,  in  July,  1870.     In  the  preceding  five  years  the  City  of  Rich- 
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mond  had  expended  about  $70  000  in  work  at  sundry  points,  and  to  a 
certain  extent  navigation  had  been  resumed.  In  1871  the  city  made  a 
further  appropriation  of  8250  000. 

The  first  efforts  of  the  U.  S.  engineer  officer  in  charge  of  the  im- 
provement were  directed  to  the  removal  of  obstructions  placed  in  the 
river  during  the  War,  the  improvement  of  the  channel  through  Eockett's 
Reef,  the  worst  obstruction  on  the  river,  and  the  opening  of  Dutch 
Gap  Cut-Off  to  navigation.  A  great  freshet,  which  occurred  in  October, 
1870,  rising  to  27  ft. ,  had  reduced  the  depth  on  Eichmond  Bar  and  in 
Trent's  Eeach  to  7  ft.  The  reopening  of  navigation  to  at  least  the 
conditions  before  1861  was  of  superior  consideration  to  any  other  at 
that  time,  and  all  available  means  looking  to  that  end  were  used  to 
secure  it.  In  January,  1872,  the  obstructions  had  been  removed,  and 
the  cut-off  opened  to  navigation  with  a  depth  sufficient  for  the  largest 
class  of  vessels  then  in  the  trade  with  Eichmond.  Many  of  the  more 
dangerous  points  on  Eockett's  Eeef  had  been  removed,  and,  later  on,  a 
channel  15  x  80  ft.  wide  was  completed  through  it. 

Up  to  that  time  the  city  was  dredging  the  shoaler  parts  of  the  chan- 
nel and  constructing  training  walls  or  dikes  behind  which  the  dredged 
material  was  deposited.  After  this,  the  operations  by  the  city  were 
carried  on  in  conjunction  with  those  of  the  United  States,  and  under 
the  approval  of  the  engineer  officer  for  several  years.  The  project  at 
that  time  was  to  secure  a  depth  of  18  ft.  at  full  tide  in  a  channel  180 
ft.  wide,  from  the  Eichmond  Dock  to  Harrison's  Bar,  37$  miles  below, 
with  18$  ft.  in  rock  excavation.  Operations  were  directed  to  this  end 
until  1884,  when  Congress  adopted  the  larger  project  under  which  the 
work  is  now  prosecuted. 

Under  the  older  project  the  work  was  comparatively  limited.  The 
rock  excavation  near  the  city,  although  large  in  amount,  had  a  smaller 
percentage  which  required  blasting,  and  considerable  areas  that  were 
sufficiently  below  datum  require  removal  under  the  enlarged  plan. 
The  channel  below  Warwick  Bar,  5  miles  from  the  city,  needed  no 
improvement  except  in  the  removal  of  artificial  obstructions,  and  in 
deepening  the  shoals  at  Kingsland's  Eeach,  Yarina,  Harrison's  Bar  and 
Goose  Hill  Flats,  near  Jamestown.  Trent's  Eeach  was  avoided  by 
opening  Dutch  Gap.  Eock  excavation  did  not  extend  to  Eichmond 
Bar  under  that  project.  The  plan  of  improvement  below  this  rock  was 
to  use  contraction  alone,  except  where  dredging  was  necessary  in  hard 
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material,  or  for  other  reasons,  such  as  the  more  speedy  relief  of  com- 
merce. 

The  sections  of  the  river  which  had  the  requisite  depth  and  width 
of  channel  were  at  first  assumed  to  have  the  proper  widths  for  the 
vicinity,  and  training  walls  were  placed  at  a  corresponding  distance 
apart,  or  from  the  opposite  shore.  This  improved  the  channel,  but  the 
contraction  was  generally  found  insufficient. 

The  first  survey,  under  the  direction  of  the  engineer  officer,  which 
covered  any  considerable  stretch  of  river,  was  made  by  Mr.  William 
Popp  early  in  1874.  This  extended  from  the  foot  of  the  Falls  to  near 
Varina,  21  miles  below,  including  the  bend  at  Dutch  Gap.  The  sound- 
ings were  taken  at  right  angles  to  the  current,  at  frequent  intervals, 
and  readily  gave  the  sectional  areas.  These  were  found  to  increase 
regularly,  accompanied  with  irregularity  in  width  and  depth.  The 
areas  ascertained,  the  width  of  the  regulation  could  be  approximately 
fixed. 

The  river  near  Richmond  was  narrow,  varying  in  surface-width 
from  400  to  1  200  ft.  in  the  first  7  miles.  It  was  important  to  contract 
this  no  more  than  would  prove  sufficient  for  the  project.  The  charac- 
ter of  the  bed  was  unknown  to  any  considerable  depth  in  many  places, 
and  it  was  uncertain  how  far  the  deepening  of  shoals  and  the  opening 
of  the  cut-off  would  affect  areas  above  and  the  range  of  tide.  To 
preserve  this  width,  as  far  as  practicable,  the  more  flexible  plan  of 
wing  dams  was  adopted  for  regulating  the  width,  with  the  expectation 
that  their  outer  ends  would  be  connected  by  training  walls  at  some 
future  time. 

The  wing  dam  can  be  extended,  if  necessary,  for  no  considerable 
increase  in  cost — if  found  too  long,  reduction  is  easy.  The  lines  of 
regulation  can  be  modified  in  direction  or  width,  whenever  a  change  is 
advisable,  at  a  fraction  of  the  cost  which  would  be  necessary  if  training 
walls  are  used.  The  latter  were  used  only  in  exceptional  cases  after- 
ward until  the  regulation  was  sufficiently  advanced  to  warrant  their 
use  in  connecting  the  outer  ends  of  the  dams. 

The  regulation  for  the  old  project  was  completed  to  Warwick  Bar 
in  1884,  and  had  been  applied  in  connection  with  dredging  at  Varina 
li  miles  below  Dutch  Gap.  Operations  further  east,  at  Curies,  Har- 
rison's Bar,  Swan's  Point  and  Goose  Hill,  were  confined  to  dredging 
alone;   those  below   City  Point,  on  account  of  the  great  expense   of 
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building  and  maintaining  any  work  of  regulation,  and  for  reasons  per- 
taining to  navigation  in  those  wide  parts  of  the  river. 

The  scour  from  between  the  wing  dams  was  deposited  below, 
especially  on  a  shoal  between  them  and  deep  water  at  Drewry  Bluff, 
which  was  of  sufficient  depth  before  ;  and  it  became  apparent  that  the 
regulation  must  be  extended  over  this  shoal  at  no  distant  day.  But 
the  original  project  was  well  advanced  in  1884,  needing  only  the  longer 
action  of  the  current  between  the  wing  dams  and  the  widening  and 
deepening  of  a  few  places  in  solid  rock.  At  that  time  vessels  drawing 
16  ft.  were  taken  from  Richmond  to  the  sea  over  shoals  which  had  no 
more  than  10£  ft.  on  them  at  full  tide  in  1870. 

In  1881  Congress  directed  a  survey  and  estimate  to  be  made  and 
submitted  for  an  enlarged  project.  This  was  made  by  Mr.  Burgwyn. 
under  the  direction  of  the  engineer  officer  in  charge,  and  included 
borings  in  the  bed  of  the  channel  wherever  it  had  less  than  25  ft.  in 
depth  at  full  tide. 

In  July,  1884,  Congress  adopted  the  project  looking  to  22  ft.  at 
mean  low  tide  from  the  sea  to  Richmond,  the  width  to  be  400  ft.  from 
the  sea  to  City  Point  ;  300  ft.  thence  to  Drewry  Bluff,  and  200  ft. 
thence  to  Richmond.  This  increase  in  depth  of  channel,  which  is  7 
ft.  near  Richmond,  is  almost  exclusively  in  rock  for  3  miles  below  the 
city  limits;  and,  although  the  larger  part  can  be  removed  by  dredging 
alone,  the  estimated  cost  of  this  section  was  more  than  half  that  of  the 
entire  project.  Elsewhere  the  increase  in  cost,  although  large  in 
comparison  with  the  old  plan,  is  very  small  when  the  increased  benefit 
is  considered.  The  cost  of  the  enlarged  project  was  estimated  to  be 
about  83  800  000,  and,  of  this,  8812  500  has  been  appropriated,  including 
8200  000  in  July,  1892. 

Nothing  has  been  done  towards  the  new  project  below  Dutch  Gap, 
except  in  surveys  and  the  deepening  of  Swan's  Point  shoal.  The  cut 
at  Dutch  Gap  has  been  enlarged  and  deepened.  Training  walls  have 
been  constructed  on  the  shoal  at  Kingsland  Reach  and  a  channel 
dredged  to  the  required  depth.  A  large  amount  of  dredging  has  been 
done  between  Richmond  Bar  and  Drewry  Bluff,  and  the  old  line  of 
regulation  above  Warwick  Bar  changed  for  the  new  project  and 
extended  to  deep  water  at  the  bluff. 

Rock  excavation  between  the  bar  and  the  city  limits  has  been 
prosecuted   as   fast    as   means   would  permit.     The   channel  through 
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Goode's  Rocks,  which  it  was  found  advisable  to  excavate  on  entirely 
distinct  lines  from  the  old,  owing  to  the  increase  in  depth  and 
other  reasons,  is  now  55  ft.  wide  and  generally  22  ft.  deep,  but  not  yet 
available  for  navigation.  In  the  softer  rock  above,  the  channel,  with 
minor  exceptions,  is  18  ft.  deep  to  the  Chesapeake  and  Ohio  Railway 
wharves,  with  considerable  but  disconnected  excavations  between  them 
and  the  city. 

A  contract  has  been  made,  under  the  appropriation  of  1892,  for 
work  on  the  whole  distance  to  the  sea  wherever  there  are  less  than  18 
ft.  in  the  channel  at  low  tide.  The  works  of  regulation  are  designed 
to  secure  the  widths  and  depths  of  the  full  project.  In  rock  excavation 
where  blasting  is  necessary  this  depth  will  be  secured,  but  not  for  the 
required  width.  "Where  dredging  alone  is  done,  the  depth  will  not  be 
less  than  18  ft.  The  contract  expires  by  limitation  December  31st, 
1894. 

The  examination  of  surveys  heretofore  mentioned  as  made  by  the 
writer  was  especially  directed  to  the  line  of  improvement  from  Rich- 
mond Bar  to  Drewry  Bluff,  a  distance  of  4  miles,  where  the  most 
extended  works  of  regulation  have  been  tried.  The  areas,  etc.,  of  14 
surveys  were  computed.  The  depths  had  been  taken  on  lines  at  right 
angles  to  the  current,  and  except  in  that  of  1874,  heretofore  mentioned, 
at  10  ft.  apart  across  the  stream.  The  lines  were  usually  at  the  sites  of 
wing  dams  alone,  but  some  surveys  included  intermediate  lines. 

This  stretch  was  divided  into  seven  sections,  four  representing,  as 
near  as  may  be,  where  the  current  follows  one  side  of  the  regulating 
works,  and  three  where  it  is  changing  from  one  side  to  the  opposite.  The 
sections  are  shown  on  Plates  XXXI  and  XXXII,  Sections  1,  3,  5  and  7 
representing  the  conditions  first  mentioned,  and  alternates,  the  cross- 
overs. On  Sections  4  and  6  the  centers  of  cross-overs  are  ±  and  £  mile 
above  those  previous  to  the  regulation,  a  change  due  to  the  rectifica- 
tion of  the  irregular  courses  of  the  channels  above  and  below  and  the 
abrupt  changes  of  the  current  from  one  bank  to  the  other  on  the  shoals 
liit  ween,  scarcely  marked  by  any  distinct  channel. 

The  mean  width,  area  and  depth  on  each  of  these  sections  and  their 
ranges,  and  the  least  and  best  channel  depth  not  less  than  80  ft.  wide, 
is  given  on  Statement  A.  On  the  first  five,  which  include  Richmond  and 
Warwick  Bars,  these  items  are  given  from  and  after  1884,  when  the  new 
project  was  adopted;  the  other  two,  from  1887,  when  that  part  of  the 


STATEMENT  A. 

Mean  Width,  Akeas,  Depths,  etc.,  on  Seven   Sections  of  James  Kiver,  Va.,  between  Richmond  Bae  and  Drewry  Bluff,  at  Different  Times  between  1874  and 

1892.     All  Measurements  in  Feet  at  Mean  Low  Tide. 


Section  1.     Richmond  Bar,  2  479  ft. 

Section  2.    A  Cross-Over,  1  877  ft. 

Section  3. 

Randolph  Flats, 

3  340  ft. 

1874. 

1884. 

1885. 

1887. 

1888. 

1889. 

May, 
1892. 

Oct., 
1892. 

1874. 

1884. 

1885. 

1887. 

1888. 

1889. 

May, 
1892. 

Oct., 
1892. 

1874. 

1884. 

1885. 

1887. 

1838. 

1889. 

May, 
1892. 

Oct., 

1892. 

940 
1  210 
1  0H2 

5  159 
7  335 

6  190 
4.76 
7.80 
5.57 
8.1 

15.4 

435 
467 
443 

5  642 

6  332 
5  933 
12.08 
13  94 
13.38 
14.4 

16.3 

434 
467 
444 

5  742 

6  223 
5  898 
12.32 
13.96 
13.27 
14. 
16. 

437 
467 
446 
6  909 
6  168 
6  031 
12.83 
14.02 
13.51 
14.6 
15.6 

434 
465 
444 

5  471 

6  115 
5  946 
12.41 
13  91 
13.41 
14.8 
15.3 

440 
470 
447 

5  969 

6  702 
6  412 
13.44 
15.16 
14.34 
15.5 
17.2 

435 
467 
446 
6  100 
6  569 
6  330 
13.46 
14.80 
14.19 
15.0 
16.6 

437 

467 
446 

5  993 

6  562 
6  273 
13.50 
14.90 
14.10 
15.0 
16  3 

'980 
1065 
1051 

5  670 
7  034 

6  614 
6.79 
6.70 
6.29 
9.3 

15.4 

410 

463 
424 
6  024 
6  332 
6  203 
13.68 
15.16 
14.80 
14.4 
16.2 

410 
463 
427 
6  158 
6  368 
6  246 
13  46 
15.20 
14.65 
14.4 
16.1 

409 
463 
425 
6  145 
6  842 
6  376 
13.29 
15.68 
14  99 
15.3 
16.7 

408 
461 
419 

5  974 

6  268 
6  093 
12.96 
15.33 
14.58 
14.9 
16.5 

323* 
460 
373 

5  099 

6  779 
6  184 
14.15 
18  10 
16.35 
16  6 
18.3 

353* 
467 
401 

6  372 

7  108 
6  635 
13.82 
18.05 
16.58 
16.1 
20. 

349* 

466 

383 

5  213 
7  209 

6  316 
14.00 
18.80 
16.50 
16.1 
21.0 

895 
990 
955 

6  670 
8  091 

7  176 
5.38 
9.04 
7.51 

„9.3 
14.0 

440 
530 
490 
6  202 
6  970 
6  687 
12.63 
14.31 
13.65 
144 
15.2 

440 
626 
492 
6  158 
6  742 
6  440 
12.54 
14.32 
13.08 
14  2 
15.3 

440 
540 
502 

6  812 

7  370 
7  147 
13.08 
15.57 
14.23 
15.4 
16.7 

409 
439 
417 
6  230 
6  738 
6  404 
14.65 
16.11 
15.37 
16.0 
18.2 

407 
440 
419 

6  560 

7  346 
7  045 
15.68 
17.92 
16.79 
16.9 
21.0 

400 
438 
418 

6  836 

7  123 
6  914 
15.82 
17.38 
16.50 
17.1 
20.5 

16.43 
17.3 
20  5 

Best         "             •'              ■«          

:  C  S.  Monitor  fleet  reduces  width. 


Section  4. 

A  Cross-Over,    3  361  ft. 

Section  5.    Warwick  Bar,  4  841  ft. 

Section  6 

A  Cross-Oyer,  2  928  ft. 

Section  7,  2  066  ft. 

1874. 

1884. 

1886. 

1887 

1888. 

1889. 

May, 
1892. 

Oct., 
1892. 

1874. 

1884. 

1885. 

1887. 

1888. 

1889. 

May, 
1892. 

Oct., 
1892. 

1874. 

1887. 

1888. 

1889. 

May, 

1892. 

Oct., 
1892 

1874. 

1891. 

May, 
1892. 

Oct., 
1892. 

Least  surface  width 

800 
895 
846 

6  147 
8  578 

7  916 
7.86 

10.18 
9.36 
12.5 
14.7 

630 
590 
563 

6  920 

7  938 
7  364 
11.96 
14.23 
13.09 
13.1 
15  5 

526 
600 
563 

6  675 

7  855 
7  314 
11.52 
14.18 
12.98 
14.2 
161 

540 
605 
576 

7  083 

8  784 
7  813 
12.28 
15.72 
13.56 
15.1 
18.1 

431 
458 
439 

6  738 

7  637 
7  201 
15.45 
17.13 
1638 
16.9 
19.8 

435 
460 
442 

7  398 

8  299 
7  908 
16.85 
18.27 
17.90 
18.3 
20  2 

433 
456 
440 

7  113 

8  124 
7  746 

16  31 
18.31 

17  60 
18.0 
19  2 

434 
460 
441 

6  979 
8  140 

7  604 
16.00 
18.30 
17.23 
18  0 
19.3 

580 
8^0 
776 

8  104 
10  313 

9  007 
9.66 

14.13 
11.61 
14.2 
22.0 

558 
660 
600 

7  822 

8  375 
7  992 
12  66 
14.23 
13.29 
14  3 
17  4 

554 
690 
608 

7  855 

8  335 
8  008 
1185 
14.18 
13.18 
15.1 
16.9 

487 
681 
674 

6  875 
8  724 

7  932 
11.96 
15.72 
13.82 
15.8 
19.4 

458 
550 
499 

6  889 
8  031 

7  482 
13.85 
16.25 
14.99 
16.1 
19.3 

460 
560 
605 

7  603 

8  776 
7  962 
14.02 
18  04 
15.76 
18.2 
22.3 

456 
669 
511 

7  561 

8  781 
8  043 
14.35 
17  81 
16.74 
17.3 
21.6 

460 
563 
507 

7  627 

8  617 
•8  021 
14.30 
17.70 
15.83 
17.2 
21.2 

580 
710 
652 

8  104 

9  359 
8  712 
12  35 
14.19 
13.37 
17.0 
21.3 

618 
577 
555 

7  331 

8  173 
7  749 
13.65 
14.24 
13.96 
17.6 
18.6 

623 

677 

558 

8  018 

8  435 

527 
684 
560 

8  589 

9  705 
9  113 

523 
677 
550 
8  495 
8  781 
8  648 
15.00 
16.79 
15.72 
16.5 
21.6 

520 
568 
540 
8  455 
8  824 
8  608 
15.23 
16  84 
15.93 
16.4 
21.2 

700 
770 
726 
9  327 
10  854 
9  888 
12.42 
14.49 
13  72 
16  5 
21.4 

520 
568 
540 
8  366 
8  785 
8  577 
15.32 
16.80 
16.18 
18.3 
22  9 

Greatest         " 

Mean              " 

Least  cross-section 

Greatest      " 

Mean          " 

Least  mean  depth  of  section 

14.53  1  15.40 
15.35  |  17.60 

Greatest      "             " 

Mean  depth  of  all  sections.... 

Least  chanuel  depth,  80  ft.  wide 

Best       "              ..           .. 

17.6 
18.9 

18.6 
222 

17.6 
23.4 

18.0 

22.8 

■nj;.?.0T^'~Tlle  minor  differences  in  widths  from  year  to  year  in  the3e  statements  are  due  to  sundry  causes.      There  was  usually  no  change  in  the  width  of  regulation  where  it  is  less  than  6  ft.    A  large  increase 
indicates  mjury  by  flood  or  ice. 
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regulation  was  begun.  The  corresponding  items  in  1874  are  given  for 
comparison.  Three  older  surveys  than  1884  are  referred  to  in  State- 
ments B  and  C,  which  also  give  the  range  of  freshets  that  occurred 
between  or  immediately  before  the  surveys. 

The  positions  of  the  wing  dams,  and  the  lines  to  which  they  will  be 
extended  under  the  contract,  are  shown  on  Plates  XXXI  and  XXXII, 
and  a  statement  of  the  amount  of  training  wall  already  constructed 
connecting  their  outer  ends,  can  be  found  in  Statement  D.  This  is 
also  shown  on  the  map. 

Statement  A  shows  that  the  areas  after  contraction  soon  became 
about  the  same  as  in  1874.  They  vary  with  the  power  of  the  freshets, 
and  sometimes  diminish  in  periods  of  drought  or  after  the  abnormal 
scour  of  great  freshets.  In  October,  1892,  the  areas  averaged  95%  of 
1874,  varying  from  101  to  89  ;  the  former  where  the  works  have  been 
longest  in  service.  The  widths  were  then  56%  of  1874,  varying  from 
36  to  83,  and  under  the  present  contract  will  be  made  from  34  to  69%| 
or  from  370  to  500  ft.  The  widest  of  these  sections  in  1874  was  the 
first,  and  the  narrowest,  the  sixth.  The  regulation  reverses  this  by 
making  the  greatest  contraction  above,  where  the  natural  channel 
depth  was  least,  with  the  intention  to  make  the  contraction  no  more  at 
any  point  than  is  needed  to  maintain  the  minimum  requirements  of 
the  channel  in  this  part  of  the  river. 

A  diagram  giving  the  heights  of  freshets  since  1876  is  shown  in 
Statement  B,  and,  connected  with  it,  percentages  of  widths,  areas  and 
depths  at  successive  periods  compared  with  those  of  1874,  considered 
as  100.  The  ranges  of  channel  depths  are  given  in  feet.  Those  preva 
ous  to  1887  are  for  the  parts  of  the  river  which  were  under  regulation 
at  the  time  of  the  survey,  and  have  no  proper  ratio  to  those  of  later 
date,  which  are  restricted  to  Sections  3  and  4.  These  were  selected 
because  the  regulation  was  there  completed  to  provisional  lines,  with 
training  walls  constructed  and  the  surface-width  constant  sine  the 
contraction  made  in  1887-88,  offering  the  fairest  conditions  for  compari- 
son from  year  to  year. 

This  contraction  was  17%  on  Section  3  and  24°,;'  on  Section  4  in 
surface  area,  and  cut  off  14* 'V  of  the  solid  areas  ;  168  000  cu.  yds. 
from  the  two  sections.  An  estimated  amount  of  160  000  en.  yds.  was 
dredged  previous  to  May,  1889,  which  represents  an  average  increase 
of  l£    ft.    in    mean  depth  on  the  contracted  width.*     The  statement 


♦This  was  taken  from  a  strip  never  more  than  100  ft.  wide.     There  was  no  trace  of  it  in 
1892,  but  there  was  a  nearly  uniform  increase  in  depth  in  the  cross-section.   See  Plate  XXXIV. 


STATEMENT  D  (see  Map  No.  1). 
v  Widths    Areas  and  Depths;  and  Channel  Depths  on  Seven  Sections  of  James  River  from  Wing  Dam  36  to  Wing  Dam  132— 20  899  ft. ,  in  1874  and  1892. 
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45  to  54 

1  877  ft. 

54  to  70 

3  840  ft. 

70  to  84 

3  3C1  ft. 

84  to  103 

4  841  ft. 
103  to  116 

2  938  ft. 

Training  walls  on  right  side  of  brush  or  stone  except  for  100  feet. 

Curve  to  right  24  000 
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15.4 

9.2 

15.8 
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14.1 

15.3 

16.3 
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17.4 
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6  167 

11.1 

15.0 

16.8 
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j  No  training  walls  on  left  side  except  650  ft.  of  sheet  piling  below 
\     wing  dam  16J.    Wing  dams  on  both  sides. 

Training  wall  of  brush  continuous  on  right  side 
f  Training  wall  52  to  51  ft.  on  left  side,  179  ft.  only.    Wing  dams  on 
1     both  sides.   The  United  States  Monitor  fleet  moored  on  right  side 
]      siuce  spring  of  1889,  occupies  1  650  ft.  in  length,  reducing  mean 
L     width  36  ft. 

Training  wall  of  brush  on  the  right  side  except  from  67  to  69  ft. 

( Training  wall  of  brush  on  left  side  except  100  ft.  openings  below 
(     62,  64,  66,  68  and  70  It.    Wing  dams  on  both  sides. 

(Training  walls  on  both  sides  except  100  ft.  openings  below  70,  72, 
t     71,  76,  78  and  8u  ft.    Wing  dams  on  both  sides. 
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•j      1  981  ft.  below  96  on  left  bank.   Wing  dams  on  right  bank  short- 
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[     water-way  5  per  cent. 
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I     in  1887-88,  and  two  on  left  bank  in  1891,  covering  369  ft. 

i  Upper  wing  dams  shortened  by  freshets  3  to  23  ft.    Water-way 
(     increased  2  per  cent. 

Wing  dams  117  and  119  built  on  right  side  in  1888-89;  none  below. 
Wing  dams  118  and  132  built  on  left  side  in  1891. 
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shows  an  increase  in  depth  culminating  in  the  remarkable  freshets 
of  1889,  by  which  an  additional  amount  of  148  000  cu.  yds.  was 
swept  from  between  the  training  walls,  leaving  the  areas  within  5% 
of  1874,  with  only  53%  of  the  old  width. 

The  mean  depth  decreased  3% ,  and  the  mean  channel  depth  nearly 
2%,  after  these  freshets,  the  decrease  more  on  Section  4,  which  is  the 
cross-over.  But  the  limiting  depth  of  the  channel  improved  over  4  per 
cent.  The  channel  depths  in  these  statements  give  a  fairer  indication 
of  iniprovenient  than  mean  depths  or  areas,  as  the  latter,  if  taken 
shortly  after  a  contraction,  show  too  great  a  mean  depth  and  too  small 
an  area  for  purposes  of  comparison. 

In  Statement  C,  which  is  confined  to  Sections  3  and  4  throughout, 
the  sections  are  separated — the  latter  is  a  cross-over.  It  is  approxi- 
mately 3  000  ft.  long,  and  the  regulating  works  are  on  straight  lines, 
widening  uniformly  from  439  to  460  ft.,  and  are  separated  5\%  more  than 
those  of  Section  3,  where  the  current  follows  the  right  bank  on  a  curve. 
The  items  are  given  in  feet,  and  show  the  effects  of  the  freshets  of  1877, 
1886  and  1889. 

The  conditions  of  these  sections  have  been  reversed  in  direction  of 
current  during  the  progressive  regulation.  Section  3  covers  for  the 
most  part  the  former  shoal  known  as  Randolph's  Flats,  which  was 
a  cross-over,  while  the  current  on  Section  4  followed  the  right  bank 
for  the  most  part  in  the  same  period.  In  1874  the  width  on  Section  4 
was  11 "(,  less  than  on  Section  3;  it  is  now  5i%  more.  The  mean  depth 
on  Section  4  was  25%  greater,  and  remains  5%  greater.  The  channel 
depth  was  11%  more,  and  is  now  2%  less  ;  but  the  two  have  now  nearly 
50%  greater  depth  of  channel  than  then,  and  the  limiting  depth  for 
navigation  has  been  increased  8  ft.,  or  to  86,%  over  1874.  The  area  of 
each  within  the  lines  of  regulation  is  96%"  of  that  it  had  in  1874,  from 
bank  to  bank. 

The  effects  of  regulation  are  still  in  progress  where  the  nature  of 
the  bed  permits.  The  current  has  not  fully  changed  the  channels  for 
the  new  lines  of  the  cross-overs.  The  old  bars  have  been  deepened 
sufficiently  for  the  present  needs  of  navigation,  but  the  effects  of  former 
shoals  are  seen  in  the  narrow  widths  of  the  channels  where  they  ex- 
isted, and  the  same  may  be  said  of  an  opposite  effect  due  to  the  deeper 
reaches  of  1874.  The  wide  channel  between  contours  of  18  ft.  on  Sec- 
tion 4,  as  compared  with  Section  3,  is  shown  on  Plate  XXXIII,  which 
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the  writer  thinks  will  be  modified  when  the  effects  of  regulation  have 
been  longer  felt. 

A  similar  wide  channel  is  seen  on  Section  2.  This  is  also  a  cross-over, 
but  the  enlargement  between  contours  of  18  ft.  is  due  to  another 
cause.  A  fleet  of  U.  S.  Monitors  has  been  moored  within  the  lines  of 
regulation,  on  the  right  side,  since  early  in  1889,  and  for  the  time  has 
decreased  the  width,  and  the  mean  depth  has  increased.  These  ships 
have  very  flat  bottoms,  and  a  deposit  has  been  forming  under  them  for 
their  full  width.  This  has  been  dredged  once,  and  must  soon  be 
dredged  again  to  keep  them  afloat.  The  depth  of  water  under  them 
when  first  moored  was  about  1  feet. 

The  result  of  regulation  will  be  to  decrease  the  range  of  width  and 
depth.  The  area  is  plainly  due  to  some  stage  of  the  river,  and  will 
not  vary  materially  so  long  as  the  discharge  remains  the  same  in  char- 
acter and  extent. 

The  wing  dams  and  training  walls  used  are  simple  and  inexpensive. 
In  the  part  of  the  river  under  consideration  the  depth  on  the  lines  of 
wing  dams  averaged  ll£  ft.  with  an  extreme  of  20  ft.,  and  their  cost  was 
S3. 47  per  linear  foot  by  contract.  The  training  walls  were  built  in  an 
average  depth  of  1(H  ft.,  with  an  extreme  of  17  ft.  for  the  same  price. 
Under  the  present  contract  the  price  for  wing  dams  is  83  and  for 
training  walls  82.50. 

The  wing  dams  are  of  sheet  piling  3  ins.  thick,  driven  1  to  10  or 
more  feet  into  the  river-bed,  supported  by  round  piles  driven  8  ft. 
between  centers,  braced  from  a  second  row  driven  10  ft.  lower  down 
stream.  The  up-stream  face  of  the  sheet  piling  is  protected  with  mats 
of  ordinary  brush  fastened  with  galvanized  wire.  These  mats  are 
3  ft.  thick  and  10  ft.  wide,  project  beyond  the  end  of  the  dam,  and  are 
loaded  with  stone  or  gravel.  The  sheet  piling  is  spiked  to  wales 
bolted  to  the  piles,  and  is  capped  with  3-in.  stuff.  Its  upper  surface 
is  at  the  level  of  mean  high  tide.  The  shore  ends  rise  with  a  slope  to 
varying  heights,  and  are  protected  with  stone;  a  cluster  of  white  <>ak 
piles  driven  at  the  outer  end  is  left  high  enough  for  a  mark  in  ordi- 
nary freshets,  and  is  also  a  protection  to  the  dam.  Materials  from  ex- 
cavation, stone  and  gravel  especially,  are  then  dumped  on  the  upper 
side  and  outer  end.  If  the  outer  end  is  well  protected  in  this  way,  the 
dam  is  rarely  injured. 

The  training  wall  consists  of  two  rows  of   piles  6  ft.   apart,  driven 
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8  ft.  between  centers,  filled  with  brush  from  any  live  timber.  The 
bottom  layer  is  made  of  saplings  fastened  with  wire  in  sections  30  ft. 
long,  placed  at  right  angles  to  the  current,  projecting  15  ft.  in  front 
and  9  ft.  in  rear  of  the  wall.  This  layer  is  loaded  with  stone  or 
gravel.  Above  this  are  packed  tiers  of  brush  cross- ways  to  the  first, 
between  the  piles  to  their  tops,  which  are  left  4  ft.  above  low  tide.  The 
piles  are  then  bound  together  in  both  directions  near  their  tops  with 
No.  12  galvanized  wire  wound  around  them  six  times.  When  the 
brush  settles  with  the  silt  which  fills  it,  more  is  added,  the  transverse 
wires  being  temporarily  removed  for  the  purpose.  The  wall  is  then 
gradually  loaded  and  revetted  from  excavation.  In  this  way  both  dams 
and  walls  become  embankments  of  imperishable  material,  the  core  alone 
being  the  original  structure.  The  piles,  except  as  stated,  are  the 
ordinary  second  growth  pine  of  the  vicinity,  and  the  timber,  except 
for  wales  and  braces,  is  of  good  merchantable  pine. 

Some  of  the  wing  dams  are  17  years  old  and  as  efficient  as  ever. 
Several  have  been  shortened  by  freshets,  owing  to  insufficient  protection 
at  their  channel  ends.  None  of  the  training  walls  have  been  injured 
by  currents  or  ice.  The  brush  in  the  latter  is  now  about  the  level  of 
low  tide. 

Returning  to  the  consideration  of  the  seven  sections  mentioned,  it 
may  be  interesting  to  compare  the  effects  of  wing  dams  and  training 
walls  on  the  channel  so  far  as  has  been  observed. 

On  the  whole  distance,  21  000  ft.,  there  are  7  800  ft.  with  training 
walls  on  both  sides,  and  2  700  ft.  with  them  on  one  side,  connecting  the 
ends  of  wing  dams  previously  built  that  extend  to  the  old  banks  of 
the  river.  There  are  5  500  ft.  with  wing  dams  alone  on  both  sides,  and 
5  000  ft.  with  them  on  one  side  only.  The  examples  of  these  conditions 
are  found  on  Sections  3  and  4  for  training  walls  on  both  sides  ;  on  Sec- 
tions 1,  2  and  5  for  walls  on  one  side  and  dams  on  the  other,  and  on 
Sections  6  and  7  for  dams  alone  on  one  or  both  sides. 

On  Statement  D  will  be  found  the  mean  width,  etc.,  of  each  section 
taken  at  the  sites  of  wing  dams  in  1874  and  1892,  and  in  a  third  column 
the  same  items  on  lines  about  100  ft.  apart  between  the  wing  dams  in  1892. 

The  intermediates  include  such  distances  inside  the  ends  of  the 
dams  as  a  boat  could  float,  and  do  not  in  many  cases  reach  the  low  tide 
shore.  The  widths  and  areas  given  are  therefore  slightly  less  than 
they  should  be,  while  the  mean  depths  are  less   from  including  the 
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shallow  areas  inside  the  ends  of  the  dams.  The  training  walls,  earlier 
built,  were  placed  12  ft.  inside  the  ends  of  the  dams,  but  later  ones 
only  3  or  4  ft.  This  slightly  affects  the  widths  and  areas  where  there 
are  training  walls,  which  are  thus  uniformly  greater  on  intermediate 
lines,  while  the  mean  depths  are  never  so,  and  are  usually  less  than  on 
lines  taken  at  the  wing  dams. 

The  channel  depths  show  no  material  difference  in  the  effect  of  the 
current  on  intermediate  lines  in  either  of  the  three  conditions  as  com- 
pared with  those  at  the  dams.  The  details  from  which  these  means 
were  taken  show  the  same  favorable  comparison. 

Nine  of  the  wing  dams  on  Sections  5  and  6  were  shortened  from  8  bi  i 
27  ft.  by  freshets  before  they  could  be  revetted  with  material  from 
excavation.  This  explains  the  large  increase  in  mean  width  over  that 
of  the  fourth  section.  The  sixth,  which  is  also  a  cross-over,  is  even  wider 
than  the  seventh.  This  has  impaired  the  effects  of  regulation,  as  is 
seen  in  the  channel  and  mean  depths  when  compared  with  the  section 
above;  but  Sections  5  and  6  none  the  less  show  the  equality  in  depth  on 
intermediate  lines  with  those  at  the  wing  dams. 

The  following  table  gives  the  average  channel  depths  available  for 
navigation  with  their  ranges,  opposite  the  wing  dams  and  on  inter- 
mediate lines  below  them,  Avhich  further  illustrates  the  conditions 
given  on  Statement  D,  and,  incidentally,  comparing  the  three  condi- 
tions, the  effect  on  the  channel  from  widening  or  contracting  the  lines 
of  regulation.*  Section  1  is  omitted  in  this  table  because  the  river-bed 
has  been  in  material  practically  immovable  by  the  current  for  several 
years;  and  Section  7,  because  the  regulation  there  has  not  had  the 
effect  of  anv  considerable  rise  in  the  river. 


Uii  line  of  wing  dams 
*  space  below 

i  ■•     »   :::::::: 


Sections  3  and  4. 
Training  walls  on 
both  sides. 


Chan- 
nel 
depth. 
Feet. 


18.70 
18.81 
18.66 
18. 2J 
18.21 


Range  of 

channel 

depths. 

Feet. 


17.3  to  20.5 
17.3  to  20.9 
17.6  to  20.2 
16.9  to  19.9 
17.2  to  19.7 


Sections  2  and  5. 
Training  walls  or 
wing    dams,    both 

sides. 


Section  6  Wing 
dams  alone  on  one 
or  both  sides. 


Chan- 
nel 
depth 
Feet. 


19.17 
L9  il- 
ls. 92 
18.96 
IS.  92 


Range  of 

chanuel 

depths. 

Feet. 


Chan- 
nel 
depth. 

IV,  t. 


17.2  to  21.2 
17.2  to  21.3 
16.2  to  21.01 
16.9  to  21. 4' 
17.8  to  21. ll 


17.9B 

17.92 
17.80 
17.73 
17.64 


Range  of 
channel 

depths. 
Feet. 


16.4  to  19.7 
16. 6  tO  19.6 

16.4  to   19.8 
16. A  to  19. 2 

16.5  to  19.1 


*  The  Monitors  decrease  the  mean  width  on  Section  2. 
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The  working  maps  show  a  distinct  line  of  deepening  between  the 
ends  of  the  wing  dams  on  the  concave  side,  or  where  the  current  im- 
pinges, often  from  7  to  8  ft.  in  60,  and  quite  regular,  as  shown  by  con- 
tours 1  ft.  apart.  On  the  convex  side  the  line  is  not  so  distinct  or 
regular,  nor  is  it  so  on  that  side  where  there  are  training  walls. 

In  light  material  there  was  a  deep  scour  at  first  from  the  end  of  the 
wing  dam  down  stream  trending  outward  toward  the  channel.  It  was 
more  marked  than  the  abrasion  along  a  new  training  wall.  Both  be- 
came relatively  less  as  the  section  regained  its  original  area.  On  this 
part  of  the  James  the  holes  at  the  ends  of  the  dams  are  of  no  conse- 
quence, rarely  exceed  3  ft.,  and  are  usually  less  ;  nor  are  there  any 
noticeable  abrasions  of  this  kind  near  the  wing  dams  at  Varina,  15  miles 
below  the  city,  placed  there  in  1880. 

There  is  more  regrdarity  in  the  lines  of  scour  or  abrasion  by  train- 
ing walls  ;  they  retain  better  the  deposits  of  silt  and  dredged  material 
between  the  wing  dams,  neutralize  the  effects  of  waves  from  high  winds 
or  passing  steam  vessels,  and  give  a  finish  to  the  works  of  regulation ;  but 
the  writer  thinks  the  effect  in  deepening  the  channel  is  about  the  same 
with  one  as  the  other  on  James  River.  He  does  not  intend  to  say  that 
under  other  conditions  and  on  other  rivers  regulation  by  training  walls 
should  not  be  preferred,  but  is  simply  giving  the  results  of  his  observa- 
tion on  this  as  well  as  other  matters  on  this  work. 

The  shoaling  below  the  works  has  been  referred  to  earlier  in  this 
paper.  The  mean  depth  of  deposit  in  13  years  after  1874  was  about 
2  ft.  for  3  miles  below  the  last  section  of  the  regulation  under  consid- 
eration, accompanied  with  a  contraction  of  13  ft.  in  surface-width,  and 
ll)'o  in  cross-section.  It  was  deeper  on  the  shoaler  areas  than  else- 
where, and  does  not  appear  to  have  increased  since;  but  is  showing 
lower  down  on  a  shoal  12  miles  below  the  city  and  5  miles  below  the  lower 
wing  dams.     A  suitable  contraction  is  all  that  is  needed  at  these  points. 

The  obstructions  placed  in  the  river  at  Drewry  Bluff  (1861-65),  espe- 
cially mentioned  by  Colonel  Craighill,  caused  a  scour  for  1  500  ft. 
below.  They  were  removed  in  1872  to  a  depth  of  20  ft.  The  channel 
where  they  were  placed  was  from  21  to  28  ft.  deep  in  1853.  The  scour 
remaining  under  the  old  bed  in  1874  was  8  ft.  just  below  the  ob- 
structions, rising  to  2  ft.  1  500  ft.  below.  This  is  now  replaced  by  silt 
or  scour  from  above,  and  the  profile  of  the  bed  of  1853  is  nearly 
restored. 
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There  are  two  skoals  below  Drewry  Bluff  which  were  increased  by 
freshets  so  much  as  to  be  troublesome  even  under  the  old  project. 
One  of  these,  in  Trent's  Keach,  was  avoided  by  Dutch  Gap  Cut-Off; 
the  other  is  in  Kingsland  Reach,  10  miles  below  the  city,  at  a  cross- 
over where  the  surface  width  was  1  100  ft. 

The  usual  depth  was  13  ft.,  but  after  the  freshet  of  1877  there  were 
but  10  ft.  in  the  channel.  It  had  been  dredged  repeatedly.  The  cur- 
rent is  now  confined  between  training  walls  550  ft.  apart,  and  a  channel 
has  been  dredged  to  22  ft.  Below  a  depth  of  18  ft.  it  was  found  to  be 
hard  compact  gravel  and  cobble,  with  indications  that  the  bedrock 
was  not  far  away.  This  is  the  farthest  point  from  Richmond  that  cob- 
ble has  been  found  in  dredging,  and  the  supposed  line  of  rock  between 
Richmond  and  Petersburg  is  not  lj  miles  distant.  A  patch  of  granite 
appears  on  the  right  bank,  2  miles  below.* 

There  is  a  marsh  on  the  right,  draining  into  the  river  1  mile  below, 
in  a  distance  three-fifths  that  between  the  banks.  A  levee,  separating 
this  from  the  river,  is  not  high  enough  to  hold  the  discharge  in  great 
freshets,  and  a  diversion  then  occurs  which  tends  to  increase  the  shoal. 
It  will  require  27  000  cu.  yds.  to  raise  the  levee  and  prevent  this. 

It  has  been  mentioned  that  a  deposit  was  forming  under  the  flat 
bottoms  of  the  Monitors;  an  instance  of  scour  on  this  shoal  may  be  in- 
teresting. An  ice  gorge  formed  here  in  1879.  It  began  at  the  lower 
end  of  the  shoal  in  30  ft.  of  water  in  a  sharp  bend  where  the  surface- 
width  is  550  ft.  This  raised  the  river  to  18^  ft.  above  low  tide,  and 
part  of  the  discharge  escaped  through  the  marsh.  But  more  or  less 
passed  under  the  ice  and  scoured  off  4  or  5  ft.  of  the  shoal  for  a  consid- 
erable width  down  to  the  gravel.  The  actual  rise  in  the  river  with- 
out this  obstruction  may  have  been  10  ft.  It  was  5  ft.  on  the  Falls  at 
Richmond  as  observed  at  Belle  Isle.  The  river  was  packed  with  ice 
for  7  miles  above  the  gorge,  which  remained  unbroken  for  a  week. 
A  few  days  later  the  writer  measured  some  masses  left  on  the  shore 
that  were  9  ft.  thick.  The  shoal  was  not  troublesome  for  several  years 
afterward. 

The  shoal  at  Varina,  the  first  cross-over  below  Dutch  Gap,  had 
about  15  ft.  on  it  in  1880,  and  had  varied  but  little  since  the  Coast 
Survey  in  1853.  The  contours  of  18  ft.  were  nearly  half  a  mile  apart : 
the  surface- width  was  1  300  ft.     At  that  time  a  modification  of  the  older 

*  See  Plate  XXXIII. 
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project  had  been  adopted  under  which  the  channel  would  be  made  as 
deep  at  low  tide  below  Warwick  Bar  as  the  project  called  for  at  full 
tide;  so  that  vessels  loaded  for  18  ft.  would  not  be  detained  at  any 
stage  of  the  tide  except  for  the  5  miles  below  Richmond. 

To  maintain  this  depth  at  Varina,  wing  dams  were  placed  on  the 
left  bank  contracting  the  width  to  a  mean  of  920  ft. ,  with  a  minimum 
of  900  ft.  at  the  middle  of  the  cross-over.  No  dams  or  other  protec- 
tion were  placed  on  the  right  bank,  but  a  channel  was  dredged 
through  the  shoal  to  at  least  18  by  200  ft. ,  measuring  48  000  cu.  yds. 
The  material  was  sandy  mud,  with  some  rather  tough  areas.  The  re- 
duction made  in  width  was  20,%;  the  area  cut  off  by  the  dams,  17.6%. 
The  dams  were  protected  by  brush  mats,  but  no  stone  was  used.  A 
limited  amount  of  the  indurated  clay  excavated  from  the  cut-off  a 
mile  or  so  above  was  used  for  revetment. 

The  dams  remained  intact  until  April,  1886,  when  a  freshet  of  24  ft. 
occurred  at  Richmond,  and  the  two  upper  dams  were  shortened;  the 
first,  80  ft.,  and  the  second,  120  ft.  The  remaining  three  were  unin- 
jured, and  no  further  damage  has  occurred. 

A  survey  made  in  1884,  two  years  before  this,  showed  that  the 
channel  had  widened,  and  232  000  cu.  yds.  had  been  scoured  from  be- 
tween the  wing  dams  and  the  opposite  shore,  in  addition  to  the 
dredging  of  1880.  The  wing  dams  had  accomplished  the  purpose 
intended. 

The  next  survey  was  in  1890,  and  showed  that  a  deposit  had  taken 
place  since  1884  above  the  upper  uninjured  wing  dam,  and  that  im- 
provement had  continued  below  it.  This  will  be  apparent  from  the 
following  statement : 
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1020 

14.2 

15.7 

1  125 

12.7 

16.1 

1  190 

12.0 

15.2 

1300 

11.2 

15.8 

1  250 

12.0 

23.0 

1884 

940 

16.8 

20.7  i 

910 

15.8:20.5 

900 

15.4 

20.5 

920 

14.5 

21.2 

930 

15.5 

22.5 
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1  030 

14.8 

17.6 
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14.5|17.3 
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15.6 

19.4 
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18.3 

21.7 
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The  cubic  yards  of  water  on  this  shoal  at  the  time  of  the  three  sur- 
veys were  as  follows: 

Cu.  yds. 

Above  No.  3,  in  1877,  between  banks 827  175 

"  "  1880,        "        wing  dams  antl  opposite  shore 711181 

1884,        "  "  "  "  862  291 

1890,         ■'  "  "  '*  854  188 

Below  No.  3,  in  1877,  between  banks 853  878 

"  "  1880,        "        wing  dams  and  opposite  shore G73  133 

1884,        "  "  "  "  802  297 

1890,        "  "  "  "  941  728 

The  quantity  of  water  between  the  wing  dams  and  opposite  short- 
in  1890  was  1%  more  than  between  the  banks  in  1877.  The  scour  in 
1890  had  increased  to  438  000  en.  yds.,  including,  however,  an  abrasion 
on  the  right  bank  which  will  be  restored  by  works  of  contraction  on 
that  side.  The  wing  dams,  as  they  are  at  this  time,  are  shown  on 
Plate  XXXIII. 

The  restoration  of  the  old  work  and  the  construction  of  new  dams 
on  the  right  bank  are  contracted  for,  by  which  the  minimum  width 
will  be  reduced  to  600  ft. 

A  shoal  known  as  Curies,  5J  miles  below  Varina,  is  shown  on  Plate 
XXXIII  at  the  lower  end  of  the  possible  cut-off  through  Jones'  Neck. 
It  is  at  a  cross-over  where  the  18-ft.  contours  were  3  500  ft.  apart  in 
1881.  The  flood  and  ebb  channels  were  very  distinct,  the  16-ft.  con- 
tours overlapping,  separated  by  a  middle  ground  of  15 J  ft.,  and  nearly 
this  depth  could  be  carried  in  a  direct  line  between  the  18-ft.  contours. 

A  channel  was  dredged  on  such  a  line  in  1881,  200  ft.  wide  and  at 
least  18  ft.  deep.  No  works  of  regulation  were  constructed  for  want 
of  means.  This  channel  had  disappeared  in  1890  and  one  area  of  half 
the  width  of  the  cutting  had  1  ft.  less  depth  of  water  than  before  the 
dredging.  There  was  an  increase  in  depth  of  the  flood  and  ebb 
channels.  The  middle  ground  had  16|  ft.,  and  the  distance  between 
the  18-ft.  contours  was  reduced  to  2  300  ft.  The  turn  between  the 
flood  and  ebb  channels  is  too  abrupt  for  navigation,  and  less  than  15 \ 
ft.  can  be  carried  in  a  direct  line.  In  effect  on  navigation  the  shoal  is 
restored. 

The  amount  of  dredging  estimated  to  contractor  in  1881  was 
55  000  cu.  yds.  In  1890  the  shoal  still  measured  33  000  cu.  yds.  less 
than  before  the  dredging  was  done. 
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Contraction  and Drec/jyiruj 

W//vgo/\ms  83.84  Z 


1874, 

Nov., 

1880. 

Mar., 

1887, 

Oct., 

1888, 

May, 

1889. 

Oct., 

1892, 

Mar., 

1878, 

" 

1881, 

May, 

1882, 

April 

1884, 

June, 

1885, 

Aug., 

1889, 

Sept. 

1891, 

May, 

1892, 

Scale  in  Hor.  =  200  ft.  ;  Vert.  =  8  ft. 

Width.               Contraction.  Area 

835  ft 8  926  sq.  ft. 


1  921  ft.. 

Alter  freshet.  1886, 

1  409  sq.  ft., 

Dredging, 


Areas  at  other  dates. 
645  ft.       After  freshet  of  1877, 
555  "    


After  freshet  of  1889, 


7  005 

8  724 
7  315 

7  911 

8  114 


9  717 
7  779 
7  675 
7  938 

7  855 

8  299 
8  197 
8  124 
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The  surface-widths  are  unchanged  and  are  from  1  020  to  1  570  ft., 
increasing  regularly  down  stream.  The  section  at  the  narrowest  point 
is  16  500  sq.  ft.,  at  the  widest  18  650  sq.  ft.,  and  the  shoalest— 1  400  ft. 
wide — 17  850  sq.  ft.  The  water-way  will  now  be  contracted  by  wing 
dams  on  both  sides  to  a  minimum  of  710  ft.,  expanding  above  and 
below  to  730  ft.,  and  750  ft.  on  curved  lines  of  6  300  and  12  100  ft.  radius, 
in  reverse  directions,  intended  to  form  a  channel  300  ft.  wide  and  22  ft. 
deep  by  scour  alone. 

Five  other  shoals  than  those  mentioned  by  name,  between  Drewry 
Bluff  and  City  Point,  will  need  contraction,  to  produce  and  maintain 
the  channel  of  the  project,  and  works  for  two  having  less  than  18  ft. 
are  under  contract. 

Dredging  in  material  readily  moved  by  the  current  anywhere  above 
City  Point  has  had  no  lasting  effect  on  the  contour  of  the  river-bed. 
Channels  cut  are  obliterated  by  a  few  freshets,  and  the  bed  left  with  a 
transverse  slope  and  shape  strikingly  like  its  former  condition.  There 
is  an  equivalent  increase  in  the  mean  depth  if  there  are  regulating 
works  to  maintain  it.  The  channel  has  been  modified  in  many  places 
by  such  works,  but  the  writer  remembers  no  case  where  dredging  has 
done  it  in  such  material  on  this  part  of  the  river.  Dredging  has 
hastened  work  needed  by  the  interests  of  commerce.  Material  has 
been  disposed  so  as  not  to  be  found  again  in  the  channel  below,  as  it 
has  been  when  moved  by  the  current,  considerations  important  enough 
to  warrant  it  at  times.* 

The  river  is  very  tortuous  between  Kingsland  and  City  Point. 
Four  cut-offs  have  been  considered,  of  which  that  at  Dutch  Gap  has 
been  made.  The  three  remaining  are  much  longer,  but  through  less 
elevated  ground.  The  practicable  distance  to  be  saved  by  them  is  9} 
in  17 i  miles.  The  writer  thinks  that  all  would  be  mainly  through 
firm  ground  similar  to  that  at  Dutch  Gap. 

Since  these  bends  are  in  tide-water  practically  level  in  low  stages 
of  the  river,  and  with  a  slope  not  exceeding  0.62  ft.  to  the  mile  in  the 
highest  freshet,  except  as  hereafter  mentioned,  the  writer  thinks  that 
any  increase  in  height  of  flood  line  due  to  cut-offs  would  be  local, 

*  On  Plate  XXXIV  will  be  found  a  section  at  wing  dams  83.84,  at  the  end  of  Section  4 
mentioned  heretofore,  which  shows  the  original  bed  of  1874,  the  contraction  lor  both  projects, 
and  the  bed  at  three  periods  since  1874,  including  the  dredging  previous  to  the  freshets  of 
1889.  The  bed  just  after  the  freshets  is  not  shown,  but  it  was  deeper  than  in  1892,  and  had 
an  area  ot  8  299  sq.  ft.  The  similarity  in  slope  of  bottom  will  be  noted, as  well  as  the  absence 
of  the  dredged  channel  of  1889  iu  1892. 
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and  certainly  no  more  at  any  point  than  has  been  observed  below 
Dutch  Gap. 

In  great  freshets  which  flood  the  low  grounds,  the  slope  is  affected 
by  the  contours  above  tide-level.  The  lines  20  ft.  above  tide  between 
Richmond  and  Kingsland  vary  from  3  000  ft.  at  the  former  to  2  200  at 
the  latter,  intermediate  points  noted  being  1  500,  1  800  and  1  900  ft. 
BeloAV  Kingsland,  where  the  larger  bends  occur,  the  following  con- 
trolling widths  are  found:  At  8  miles  below  Kingsland,  in  the  Dutch 
Gap  bend,  |  mile  above  the  lower  entrance  to  the  cut-off,  the  contours 
are  2  300  ft.  apart;  at  Varina,  If  miles  farther,  2  100  ft.;  at  Curies,  5^ 
miles  still  lower,  2  050  ft. ;  and  at  2  miles  above  City  Point,  2  700  ft.* 

Below  this  they  widen  rapidly,  and  the  slope,  even  in  great  freshets, 
has  brought  the  surface  far  below  this  level  of  20  ft.  above  tide. 

But  the  bends  to  be  cut  off  are  for  the  most  part  flooded  in  such  a 
freshet  to  an  average  depth  of  perhaps  10  ft. ;  lessening  in  depth,  but 
increasing  in  area,  in  the  lower  bends.  These  form  wide  waters  of  1 
mile  and  more,  with  areas  of  2  sq.  miles  and  upward.  One  of 
them  is  at  Dutch  Gap,  nearly  2  miles  long,  with  an  area  fully  2  sq. 
miles,  covered  with  an  average  depth,  roughly  estimated  at  10  ft. 
above  tide  in  1877.  Another  begins  at  Varina,  where  the  distance  be- 
tween the  contours  swells  from  2  100  to  perhaps  6  000  ft. ,  in  about  1 
mile.     There  are  similar  areas  below. 

In  the  freshet  of  1877,  28.6  ft.  on  tide  at  Richmond,  the  surface- 
slope  from  the  city  limits  to  Drewry  Bluff  was  0.943  ft.  to  the  mile; 
in  4  miles  below  to  Kingsland  0.62  ft.  ;  in  the  succeeding  3  miles  to 
Dutch  Gap,  0.52  ft.;  in  the  5£  miles  around  the  bend  it  was  reduced  to 
0.41  ft.,  the  fall  through  the  cut-off  being  2.15  ft.  The  slope  to  Varina, 
l£  miles,  was  increased  to  1.40  ft. ;  and  thence  to  City  Point,  17  miles, 
the  average  slope  was  0.544  ft.,  and  the  surfaoe  had  fallen  to  4.7  ft. 
above  tide.     For  7i  miles  below,  the  slope  fell  to  0.051  ft.  per  mile. 

Prom  the  upper  entrance  of  Dutch  Gap  around  the  bend  to  City 
Point,  a  uniform  slope  would  have  been  0.557  ft.,  and  the  flood  line  at 
Varina  0. 28  ft.  higher  than  observed.  A  uniform  slope  from  Drewry 
Bluff  to  Dutch  Gap  would  have  been  0.597  ft.,  and,  if  continued  around 
the  bend  to  Varina,  would  have  raised  the  flood  line  at  that  point  0.02 
ft.  The  discharge  of  the  cut-off  raised  the  flood  line  at  the  lower  en- 
trance 0.58  ft.  above  a  uniform  slope  from  the  upper  entrance  around 
*This  contour  is  shown  on  Plates  XXXI,  XXXII  and  XXXIII. 
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/ 
the  bend  to  Varina,  and  caused  the  slope  of  1.40  ft.  to  the  mile  before 

mentioned.     Had  the  supposed  uniform  slope  of  0.597  ft.  continued 

below  Varina,  it  would  have  reached  the  height  found  at  City  Point 

only  li  miles  above  it. 

If  the  cut-off  had  any  effect  on  the  slope  above  the  Gap,  it  should 
be  to  increase  it  and  lower  the  surface  ;  and  if  it  lowered  the  surface 
above  as  much  as  it  raised  it  below,  0.58  ft.,  then  the  slope  from 
Drewry  Bluff  to  Dutch  Gap,  in  the  absence  of  the  cut-off,  would  have 
been  0.52  ft.  to  the  mile,  and  would  needs  be  increased  to  0.69  ft.,  to 
reach  the  flood  line  at  Varina  as  observed.  The  writer  does  not  find  any 
cause  for  such  a  change  in  the  slope  in  the  absence  of  the  cut-off;  and 
in  view  of  the  remarkably  uniform  slope  of  the  river  from  Drewry 
Bluff  to  City  Point,  except  as  disturbed  by  the  cut-off,  thinks  there 
was  no  sensible  increase  in  the  height  of  the  flood  line  by  it  at  Varina; 
and  that  the  disturbance  in  the  slope  caused  by  it  was  completely  neu- 
tralized in  the  wide  water  immediately  below,  and  that  the  increase  in 
height  from  other  cut-offs  would  be  neutralized  in  like  manner.  He 
regrets  that  no  observations  were  taken  between  Varina  and  City  Point 
in  1877  after  this  freshet  by  which  this  view  could  be  sustained,  or 
otherwise.  There  are  no  records  of  previous  floods  with  which  to  com- 
pare the  line  of  this  at  Varina  or  near  it,  but  no  complaint  was  heard 
that  it  was  increased  in  height  by  the  cut-off. 

The  line  of  highest  water  at  the  Gap  and  City  Point  was  marked 
by  men  who  had  been,  or  were,  tending  the  gauges  at  those  points.  The 
height  at  Varina  was  marked  by  Mr.  Aiken  who  owned  the  place. 
The  other  points,  except  at  Richmond,  were  water-marks.  All  except 
City  Point  were  referred  to  well-tested  bench  marks,  and  the  zero  of 
the  gauge  at  City  Point  was  accurately  known. 

The  effect  of  the  Dutch  Gap  Cut-Off  on  the  regimen  of  the  river  has 
been  carefully  observed.  The  writer  adds  to  the  information  brought 
out  in  the  discussion  of  Colonel  Craighill's  paper  some  data  from  surveys 
made  since  that  time.  The  cut-off  is  shown  on  Plate  XXXHT,  and  is  14 
miles  by  river  from  Richmond.  It  was  begun  during  the  Civil  War  by 
the  National  forces  in  aid  of  military  operations,  but  not  completed  to  a 
sufficient  depth  for  that  purpose,  for  want  of  time  or  other  reasons.  It 
had  a  width,  in  1870,  of  from  60  to  70  ft.  and  a  depth  of  from  7  to  12^  ft.  It 
was  closed  soon  after  the  War  by  a  causeway  across  the  upper  entrance. 
This  was  washed  out  by  the  freshet  of  1870,  about  the  time  when  the 
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first  appropriation  by  Congress  became  available,  and  the  engineer 
officer  in  charge  recommended  the  enlargement  of  the  cut  as  part  of 
the  improvement,  because  it  would  save  over  5  miles  of  tortuous  navi- 
gation, including  one  of  the  most  troublesome  shoals  on  the  liver. 

The  neck  of  land  cut  through  was  very  narrow,  with  a  height  above 
tide  at  the  lowest  point  of  perhaps 40 ft.,  and  required  a  cut  250  ft.  long 
at  top,*  450  ft.  at  water-surface,  and  640  ft.  at  18  ft.  below.  The  chan- 
nel hugged  the  shore  on  each  side.  The  material  to  a  few  feet  above 
water  is  a  highly  indurated  clay,  yielding  with  difficulty  to  any  dredge 
heretofore  employed  on  the  work,  and  blasting  has  almost  always  been 
resorted  to  in  its  excavation.  Above  this  is  gravel  and  sand  covered 
with  yellow  clay. 

The  bed  wears  slowly  under  the  current  and  is  10  ft.  higher  than 
the  river-bed  just  above.  In  1877,  the  year  of  the  freshet  referred  to 
above,  the  cut  had  been  enlarged  to  180  ft.  wide  and  15  ft.  in  depth  ; 
in  1880,  to  200  ft.  wide  at  center  and  300  ft.  at  the  entrances,  with  a 
depth  of  18  ft.,  and  in  1889  was  widened  to  300  ft.  throughout.  It  is 
now  550  ft.  wide  at  the  upper  entrance  and  330  ft.  at  the  narrowest  point, 
which  is  near  the  lower  entrance,  with  the  depths  and  contours  shown 
on  Plate  XXXV.  The  estimated  quantity  removed  from  first  to  last  is 
about  575  000  cu.  yds.  The  depth  will  be  made  25  ft,  for  100  ft.  wide 
under  the  existing  contract. 

The  heights  of  the  three  great  freshets  of  1877,  1886  and  1880,  were 
observed  above  and  below  the  cut,  and  are  given  in  the  following  state- 
ment, with  the  heights  at  Richmond.  The  distance  between  the  points 
of  observation  was  600  ft.,  and  measured  around  the  bend,  25  730  ft. 
Observations  at  other  points,  either  above  or  below,  are  not  on  record, 
except  for  1877. 


Surface  above  Low  Tide 
at— 

Fall  from— 

Slope  of  Surface. 

Year 

Rich- 
mond. 

Dutch  Gap, 
upper  en- 
trance. 

Dutch  Gap, 
lower  en- 
trance. 

Richmond 
to  upper 

entrance. 

Upper    to 
lower  en- 
trance. 

From  Rich- 
mond    to 

upper  en- 
trance. 

Through 
the  cut- 
off. 

Around 
the  hend. 

1877. 
1886 
1880. 

Ft. 
28.62 

a  i .  28 

26.18 

Ft. 

17.81 
13.12 
14.16 

Ft. 
15.16 
11.38 
12.10 

Ft 

10.88 
11.16 
L2.02 

Ft. 
2.15 
1.74 
2.06 

Ft. 
1  in  6  612 
1  "   6  450 
1'"  6  000 

Ft. 
1  in  279 
1  ••  :U5 
1  •«  291 

Ft. 

1  iu  11  '.I6U 
1    •'   14  7*7 
1  "  12  400 

*  These  above-water  dimensions  are  approximate.  There  are  no  records  of  measure- 
meats  above  water-surface  known  to  the  writer.  The  under-water  measurement  is  from  the 
U.  S.  C.  S..  1853. 
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A  fair  deduction  is  that  the  slope  above  the  cut-off  has  increased 
with  its  enlargement. 

The  least  area  of  the  cut  in  cross-section  at  low  tide  is  5  459  sq.  ft. , 
the  mean  section  is  6  720  sq.  ft.  The  river  for  1  200  ft.  above  has  a  mean 
area  of  11  528  sq.  ft. ;  in  the  bend  cut-off,  4  715  sq.  ft,  In  1874  this  latter 
area  was  12  371  sq.  ft.  * 

In  the  freshet  of  1889  the  flood  area  of  the  cut-off  was  about  9  000 
sq.  ft. ;  in  the  wide  water  above  it  the  area  may  have  been  60  000  sq.  ft,, 
and  at  a  point  in  the  bend  half  a  mile  above  the  lower  entrance  to  the 
cut-off,  25  000  sq.  ft. 

By  the  drain  of  the  cut-off  in  1877  the  surface-slope  of  0.52  ft.  for  3 
miles  above  was  reduced  to  0.41  for  5  miles  in  the  bend,  and  then  in- 
creased to  1.40  in  the  1|  miles  to  Varina.  From  these  and  other  imper- 
fect data  at  hand,  the  writer  thinks  that  one-half  the  discharge  may 
have  passed  through  the  cut-off  in  the  rise  of  1889.  The  bottom  of  the 
cut,  being  10  ft,  higher  than  the  river  above,  is  a  submerged  dam, 
which  will  be  partially  removed  under  the  existing  contract. 

The  current  in  the  cut-off  is  stronger  than  elsewhere  in  the  vicinity, 
but  has  been  greatly  reduced  by  the  enlargement,  and  is  not  trouble- 
some for  navigators  in  ordinary  stages  of  the  river.  In  great  freshets 
it  has  been  too  strong  for  even  steam  vessels,  as  may  be  inferred  from 
the  surface-slopes  given  above. 

This  current,  meeting  the  flow  around  the  bend  at  nearly  a  right 
angle,  forms  a  whirlpool  when  the  river  is  high.  The  bed  immediately 
in  front  has  been  scoured  to  a  depth  of  50  ft.  The  channel  for  2  000 
ft.  below  has  been  changed  by  the  current,  and  no  longer  hugs  the 
left  bank,  as  formerly,  for  that  distance.  This  is  favorable  to  naviga- 
tion, as  the  lower  entrance  can  be  made  more  directly  by  ascending 
vessels. 

The  current  is  slowly  abrading  the  hard-clay  bed  of  the  cut-off  at 
the  lower  entrance,  shortening  the  distance  between  the  22-ft.  contours 
80  ft.  since  1876.  From  the  lower  contour  the  bed  slopes  28  ft.  in  120  ft. 
to  the  extreme  depth  mentioned,  which  is  25  ft,  lower  than  was  found 
there  in  1853.  It  then  rises  rapidly  for  a  few  hundred  feet,  and  then 
gradually,  to  about  its  old  depth  1  mile  below. 

The  angle  turned  by  a  ship  passing  through  the  cut  is  158 :  in  2  200 

*  The  mean  areas  of  the  cut-off  aud  the  bend  in  1892  added  are  92.4.Y  of  this  area  of 
1874. 
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ft.,  and  the  best  practicable  curve  is  750  ft.  radius.  The  proposed  cut-off 
immediately  above,  shown  on  Plate  XXXIII,  would  avoid  more  than 
half  this  curvature  and  the  sharp  bend  2  miles  above,  besides  saving 
1|  miles  in  distance. 

The  mean  areas,  etc.,  above  and  below  the  cut-off  in  1874  and  1890 
were  as  follows: 


1  220  Ft.  Above. 

2  570  Ft.  Below. 

1874. 

1890. 

1874. 

1890. 

"              depth ft. 

Mean  area sq.  ft. 

5 

495 

22.65 

37.70 

11209 

506  497 

10 

549.7 

20.97 

37.10 

11  528 

532  245 

12 

647 

23.0 

39  0 

14  908 

1  419  013 

11 

667  5 

23.02 

40.70 

15  367 

1  466  416 

The  deep  scour  opposite  the  lower  entrance  is  not  included  in  the 
above  statement.  There  was  an  abrasion  of  the  right  bank  of  the 
river  above  and  below  the  entrances.  The  former  due  to  the  flood- 
tide  current,  and  the  latter  to  freshets.  This  was  corrected  by  brush 
training  walls.  The  cut-off  can  hardly  be  held  to  have  made  any 
disadvantageous  changes  in  the  regimen  of  the  river  above  and 
below  it. 

The  bend  is  no  longer  navigable  throughout  at  ordinary  stages, 
having  but  4  ft.  on  the  Trent's  Eeach  Bar.  The  mean  widths,  areas 
and  depths,  and  the  amount  of  deposit  since  1874,  are  as  follows : 


Mean 
width. 
Feet. 

Mean 

areas. 

Square 

Feet. 

Mean 
depth. 
Feet. 

Cubic  yards 
of  water. 

Cubic  yards 

of  deposit, 

including 

material 

dumped. 

Average  Yearly  Deposit,  exclud- 
ing Materials  Dumped. 

Year. 

1874-87. 
Cu.  yds. 

1887-92. 
Cu.  yds. 

1874-92. 
Cu.  yds. 

1874 
1892 

797 
726 

12  371 
4  715 

15  52 
6.49 

11  866  969 

4  542  928 

7  321041 

419  777 

294  441 

3*7  184 

The  amount  of  dredged  material  dumped  in  the  bend  during  this 
time  was  394  730  cu.  yds.,  not  far  from  the  yearly  deposit  from  the 
river.  The  whole  amount  of  material  excavated  by  machines  and 
scoured  by  the  current  due  to  regulation  in  6  miles  below  Richmond 
during  this  time  does  not  exceed  1500  000  cu.  yds.,  about  23°,,  of  the 
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silt  deposited  in  this  bend.  It  will  be  noted  that  the  yearly  deposit 
in  the  last  five  years  is  less  than  that  in  the  13  years  preceding  1887, 
but  a  mnch  larger  proportion  of  material  was  dumped  in  the  bend 
in  the  later  period. 

Three  of  the  shoals  below  City  Point  were  dredged  to  18  ft.  depth 
in  1880-81.  These  were  Harrison's  Bar,  Swan's  Point  and  Goose  Hill 
Flats.     Swan's  Point  has  since  been  deepened  to  20  ft. 

The  crest  of  Harrison's  Bar,  which  was  in  hard  material,  remains 
at  least  as  deep  as  when  dredged.  The  extensive  flat  a  mile  or  so 
below  has,  as  in  1880,  but  little  over  17  ft.  on  it.  The  improvement 
now  under  contract  will  require  22  000  cu.  yds.  of  dredging. 

The  channel  at  Goose  Hill  has  lumps  in  places,  with  nearly  1  foot 
less  water  than  after  dredging  in  1880.  The  upper  entrance  is  nar- 
rower, but  retains  its  depth.  The  contract  calls  for  dredging  30  000 
cu.  yds.  which  will  restore  its  condition.  This  appears  to  have  been 
a  swash  channel  through  flats  extending  to  a  former  main  channel, 
which  followed  nearer  the  southern  shore  of  Cobhain  Bay  with  a  con- 
siderable bend.  The  river  is  3  miles  wide.  The  old  channel  had 
but  13  ft.  depth  in  1873  and  is  shallower  now.  The  current  through 
the  dredged  channel  would  be  materially  increased  by  a  training  wall 
on  its  south  side,  and  training  walls  were  provided  for  in  the  estimates 
for  the  new  project,  and  may  be  found  expedient,  if  not  necessary, 
when  that  enlargement  is  made. 

It  is  expected  that  a  channel  18  ft.  deep,  from  Hampton  Koads  to 
Bichmond,  will  be  opened  in  December,  1894.  In  the  3  miles  be- 
low Bichmond,  this  depth  may  be  only  80  ft.  wide  in  places,  looking  to 
further  widening  later  on,  and  then  carrying  it  to  the  full  depth  re- 
quired by  the  project.  Bock  which  requires  blasting  will  be  taken 
out  to  the  full  depth  in  all  cases. 

The  depths  available  for  navigation  in  1870  and  1892  were  as  fol- 
lows : 

1870.      1892. 
Feet.      Feet. 

From  the  city  to  Bichmond  Bar 7.0  13.8 

Over  Bichmond  Bar  and  Bandolph  Flat .. . .     7.0  15.0 

From  Bandolph  Flat  to  Warwick  Bar 12.4  15.4 

"     Warwick  Bar  to  City  Point 7.0  15.4 

"      City  Point  to  Hampton  Boads 14.8  17.0 

Vessels  drawing  16  ft.  were  brought  to  the  city  limits  in  the  past 
year  at  high  tide.     The  available  depth  for  navigation  near  the  city 
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will  continue  limited  to  13.8  ft.  at  mean  low  tide,  at  which  it  lias 
remained  for  several  years,  until  the  new  channel  at  Goode's  Rocks  is 
made  wide  enough  to  allow  a  safe  passage  for  vessels.  This  is  included 
in  the  work  under  contract. 

The  amount  which  has  been  appropriated  for  the  work  by  the 
United  States  since  July,  1870,  is  $1  552  500,  of  which  about  3200  000 
is  unexpended.  Richmond  City  has  expended  about  3500  000  in 
addition. 

The  work  done  by  the  United  States  has  been  under  the  direction 
of  Colonel  W.  P.  Craighill,  Corps  of  Engineers,  U.  S.  A.,  since  its 
commencement  in  1870,  except  for  two  years  following  July,  1884, 
when  it  was  directed  by  Lieutenant-Colonel  P.  C.  Hains,  Corps  of 
Engineers. 

The  work  done  by  the  city  for  several  years  past  has  for  the  most 
part  been  within  the  city  limits,  and  is  under  the  charge  of  Colonel 
W.  E.  Cutshaw,  City  Engineer. 
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THE  OLD-TIME  WATER-WHEELS  OF  AMERICA. 
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WITH   DISCUSSION.* 

In  no  way  is  the  progress  in  any  branch  of  art  or  industry  more 
strikingly  illustrated  than  by  a  glance  at  the  methods  in  use  a  century 
or  more  ago.  The  annals  of  the  American  Society  of  Civil  Engineers 
are  supposed  to  be  a  repository  of  American  practice  and  American 
methods  in  engineering.  The  writer,  therefore,  deems  it  no  unworthy 
task  to  collect  for  preservation  therein  such  examples  as  he  can  of 
the  motors  and  methods  employed  by  our  ancestors  of  the  preceding 
century  in  availing  themselves  of  the  power  of  water. 

Had  the  task  been  attempted  earlier,  it  would  have  been  done 
better.  The  old  millwright  was  a  busy,  practical  man.  He  had  little 
leisure,  inclination  or  ability  for  putting  his  knowledge  on  record  in 

*  Additional  discussions  on  this  paper  received  before  July  1st,  1893,  will  be  published  in 
a  subsequent  number. 
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an  intelligible  manner.  He  made  little  use  of  books  in  his  vocation. 
He  learned  his  trade  as  an  apprentice.  He  imparted  his  knowledge 
to  other  apprentices  by  example  and  word  of  mouth.  Of  the  crude 
results  of  his  labors  very  few  examples  now  survive. 

The  sources  of  information  available  to  the  writer  are:  (1)  Such  iso- 
lated examples  as  have  come  within  his  knowledge  and  recollection.  (2) 
The  drawings  and  sketches  extant  in  old  books,  which  are  usually  mere 
hints  and  indications,  requiring  to  be  carefully  studied  and  pieced  out 
in  order  to  yield  any  intelligent  notion  of  methods  of  construction. 
Of  these  the  book  of  Oliver  Evans  exceeds  all  others  in  value.  (3)  Suits 
at  law  for  the  interpretation  of  old  grants  of  water,  in  which  he  has 
been  employed  as  expert,  sometimes  involving  an  inquiry  into  the 
methods  and  appliances  in  use  at  the  date  of  the  grant.  From  the 
testimony  and  traditional  knowledge  of  old  millwrights,  and  such 
meager  records  as  are  available,  some  knowledge  can  be  obtained. 

The  writer  is  quite  well  aware  that  this  is  a  very  hasty  and  incom- 
plete summary  of  the  subject;  in  fact,  little  more  than  a  beginning.  It  is 
expected,  however,  that  every  man  who  takes  it  upon  himself  to  com- 
ment on  this  subject  will  contribute  something  of  his  own  knowledge, 
and  that,  in  this  way,  this  paper  will  result  in  putting  on  record  a 
much  larger  body  of  information  than  it  contains. 

Up  to  the  beginning  of  the  present  century  the  chief  and  almost 
the  only  application  of  water-power  was  for  grinding  grain  and  sawing 
lumber.  Occasionally  a  wheel  was  set  up,  to  create  a  blast  for  a  foun- 
dry, or  for  fulling  cloth,  or  for  carding  wool,  the  spinning  and  weaving 
being  carried  on  in  the  household. 

A  wooden  water-wheel  consists  in  general  of  five  principal  parts, 
the  shaft,  the  arms,  the  shrouding,  the  soling  and  the  floats.  It  is 
only  in  the  latter  element  and  in  the  mode  of  letting  on  the  water  that 
any  distinction  exists  between  the  overshot,  the  undershot  and  the 
breast  wheel.  The  shaft  was  an  oak  log  18  to  30  ins.  in  diameter, 
dressed  to  a  square,  circular  or  polygonal  form,  with  iron  bands  and 
gudgeons.  Thei"e  were  two  methods  in  use  of  attaching  the  arms  to  the 
shaft.  The  method  of  Figs.  1  and  2,  Plate  XXXVI,  was  not  so  common 
in  this  country  as  that  of  Figs.  4  and  5,  although  much  used  in  Europe. 
The  shaft  was  squared  at  the  place  of  application  of  the  arms,  or,  if 
octagonal,  was  made  square  by  the  insertion  of  corner  blocks.  The 
arms  were  halved  or  locked  together  and  set  firmly  upon  the  shaft 
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by  means  of  wedges.  This  admitted  of  some  adjustment  of  the  wheel 
with  reference  to  the  shaft.  This  was  a  very  strong  and  durable 
arrangement  for  wheels  up  to  14  ft.  diameter.  Beyond  that  size  the 
four  pieces  forming  the  arms  would  not  give  sufficient  support  to  the 
shrouding,  and  the  additional  pieces ccc were  inserted,  with  the  blocks 
on  which  they  were  footed.  These  were  notched  to  the  timbers  aaa 
and  fastened  with  pins  or  keys. 

The  second  method  of  inserting  the  arms  is  indicated  in  Figs.  3 
and  4.  Though  the  shaft  is  here  represented  as  round,  it  was  more 
commonly  dressed  to  a  polygonal  form — six  or  eight  sides,  rounded  at 
the  ends  to  receive  the  bands.  The  arms  were  inserted  in  mortises 
passing  through  the  shaft.  They  were  notched  and  locked  together  as 
shown  at  Fig.  3.  This  method  required  the  length  of  the  mortises  to 
exceed  the  width  of  the  arms  by  an  amount  sufficient  to  admit  of  their 
insertion.  The  widest  vacancy  thus  made  was  closed  by  a  heavy  oak 
key  solidly  confining  the  arms  as  shown  in  Fig.  4.  The  drawing  shows  a 
wheel  of  six  arms,  each  of  the  three  pieces  forming  the  arms  being  cut 
away  to  the  extent  of  two-thirds  of  its  width.  The  same  construction 
is  used  for  a  wheel  of  eight  arms,  each  of  the  four  pieces  being  three- 
fourths  cut  away.  When  the  number  of  arms  exceeded  eight,  the  ad- 
ditional arms  were  inserted  as  shown  in  Fig.  5. 

All  wheels  run  upon  iron  gudgeons  inserted  into  the  ends  of  the 
shafts.  Figs.  1  and  2  show  a  cast-iron  gudgeon.  The  part  inserted  in 
the  wood  is  a  cross  of  four  feathers  coinciding  with  the  shaft  in  diam- 
eter. It  is  confined  by  heavy  bands,  driven  on  hot.  A  wrought-iron 
gudgeon  is  shown  in  Fig.  4.  It  is  a  little  wider  at  the  inner  than  at 
the  outer  end.  It  is  inserted  in  a  mortise  cut  from  the  outside  of  the 
shaft  to  a  depth  sufficient  to  bring  the  gudgeon  to  its  proper  position. 
After  driving  on  the  bands,  the  mortise  is  closed  with  keys  and  wedges 
driven  with  great  force.  The  wood  is  further  compressed  by  driving 
thin  iron  wedges  into  the  end  of  the  shaft. 

The  shrouding  consists  of  segmental  pieces  b  (Fig.  1)  of  3  or  4-iu. 
plank,  forming  a  ring  like  the  felloes  of  a  wheel.  They  are  attached 
to  the  arms  in  different  ways.  Halved  and  pinned  as  in  Fig.  1,  or 
forked  as  in  Fig.  10,  which  shows  a  wheel  with  radial  floats.  With 
shrouding  of  sufficient  thickness  the  arms  are  attached  with  mortise 
and  tenon,  which  simplifies  the  insertion  of  the  floats.  The  shrouding 
pieces  are  halved  and  pinned  to  one  another  at  their  ends,  and  where 
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the  soling  is  wanting  the  joints  are  strengthened  with  splicing  pieces. 

The  soling  d  (Fig.  1)  consists  of  jointed  planking  fastened  to  the 
inner  circumference  of  the  shrouding,  forming  a  tight  circular  drum 
and  binding  the  whole  wheel  rigidly  together. 

The  floats  were  sometimes  inserted  in  grooves  cut  in  the  shrouding, 
sometimes  merely  "sprigged"  to  the  shrouding  and  confined  at  their 
ends  by  blocks  of  1-in.  board,  fitted  in  and  nailed  to  the  shrouding. 
In  the  earlier  forms  of  breast  and  overshot  wheels,  they  were  inserted  as 
shown  in  Fig.  G.  They  were  different  in  the  later  forms,  as  will  appear 
further  on.  The  space  contained  between  two  consecutive  floats  was 
called  a  bucket. 

Fig.  6  represents  a  high  breast  wheel  and  the  manner  of  letting  on 
the  water.  The  part  loaded  with  water  is  surrounded,  at  a  dis- 
tance of  about  §  in.,  by  a  tight  drum  of  planking  called  the 
apron.  This  prevents  the  water  from  spilling  freely  out  of  the  buckets 
as  they  descend.  To  transform  this  into  an  overshot  wheel  it  would 
only  be  necessary  to  remove  the  apron,  reverse  the  direction  of  the 
floats  and  carry  the  water  over  the  summit.  The  overshot  wheel  did 
not  usually  have  an  apron,  as  that  forces  the  water  to  leave  the  wheel 
in  the  same  direction  as  it  approaches.  Both  the  overshot  and  breast 
wheel  ran  at  a  speed  much  in  excess  of  what  would  be  considered 
economical  in  modern  practice. 

Figs.  7,  8,  9  and  10,  Plate  XXXVII,  show  an  undershot  wheel  in  com- 
mon use  for  grist  mills.  The  floats  being  radial,  the  arms  are  forked 
on  to  the  shrouding.  The  floats  are  set  in  dovetail  grooves  cut  in  the 
shrouding  and  confined  with  keys,  the  expectation  being  that  they 
would  yield  instead  of  breaking  when  foreign  matter  was  caught  be- 
tween the  float  and  the  sill  of  the  race.  The  whole  structure  is  evi- 
dently made  light  and  elastic  with  that  view.  The  floats  moved  with  a 
velocity  about  two-thirds  that  due  the  head  of  water,  instead  of  half, 
which  is  all  that  modern  views  of  hydraulics  would  allow. 

These  wheels  never  required  more  than  two  sets  of  arms.  They 
were  never  geared  to  more  than  two  run  of  stones,  and  the  width  re- 
quired was  from  2  to  6  ft. 

Figs.  8  and  9  show  the  style  of  gearing  in  use  for  two  run  of  mill- 
stones; a  is  the  "big  face  wheel"  which  gears  with  the  two  "  wal- 
lowers  "  bb.  On  the  same  shaft  with  the  wallower  is  the  "little  face 
wheel  "  c.      This  gears  with  the  "  trundle"  d,  which  is  attached  to  the 
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spindle  of  the  millstone.  The  velocity  of  millstones  was  about  100 
turns  per  minute  for  a  5-ft.  stone,  more  for  a  smaller  stone,  less  for 
a  larger,  a  rough  rule  being  to  give  the  circumference  of  the  stone  a 
velocity  of  1  500  ft.  per  minute.  The  gudgeon  of  the  wallower  shaft, 
next  the  main  shaft,  rested  in  a  sliding  block,  which  enabled  the  wal- 
lower  to  be  drawn  out  of  engagement  with  the  big  face  gear,  leaving  one 
stone  idle.  It  will  surprise  some  readers  to  learn  that  the  gudgeons  of 
horizontal  shafts  ran  on  stone  bearings.  Oliver  Evans  gives  directions 
for  the  selection  of  these  stones  :  "  hard  and  free  from  grit."  He  also 
enjoins  great  care,  to  prevent  the  heating  of  gudgeons,  as  it  is  liable  to 
crack  the  stones  on  which  they  run. 

This  was  the  traditional  gearing  for  a  two-run  mill.  Mills,  by  this 
and  closely  analogous  methods,  were  fitted  up  and  operated  for 
generations  and  centuries;  and  no  man  entertained  a  doubt  that  they 
embodied  the  perfection  of  mechanism. 

Figs.  11, 12  and  13,  Plate  XXXYIII,  show  another  wheel  much  used  for 
grist  mills,  viz. ,  the  tub  wheel,  so  called  because  it  ran  within  a  circular 
enclosure  of  thick  planking  put  together  in  the  form  of  a  tub,  without 
bottom.  It  runs  upon  a  vertical  shaft,  and,  with  a  head  sufficient  to 
give  the  necessary  velocity,  drives  the  stone  without  the  intervention 
of  gearing.  More  commonly  a  spur  gear  and  trundle  were  used  as 
shown.  The  wheel  as  shown  is  7-ft.  external  diameter,  with  a  head  of 
10  or  12  ft.  The  floats  d  d  are  radial  and  are  fastened  to  starts  c  c  in- 
serted in  the  shrouding  pieces  a  a  by  means  of  dovetail  tenons  and 
keys.  The  water  was  let  on  through  a  spout  leading  from  the  rlume 
as  shown. 

A  wheel  of  this  construction  was  running  at  the  Lowell  machine 
shop  some  30  years  ago,  and  isolated  specimens  are  still  extant  in 
old  mills.  Sometimes  the  circular  rim  was  made  lighter  and  attached 
to  the  floats  forming  a  part  of  the  wheel  and  revolving  with  it.  Often 
the  floats  were  set  in  an  inclined  position,  more  nearly  perpendicular 
to  the  direction  of  the  water  issuing  from  the  spout.  Ordinarily  a 
small  wooden  pipe  was  inserted  in  the  top  of  the  spout  close  to  the 
flume,  reaching  to  some  height.  The  precaution  was  necessary,  to  pre- 
vent the  collapsing  of  the  spout  on  the  sudden  closing  of  the  gate 
from  the  partial  vacuum  created  by  the  momentum  of  the  water. 

A  flutter  wheel  was  simply  a  tub  wheel  without  the  rim,  or  perhaps 
more  properly,  a  tub  wheel  without  the  tub.     Plate  XXXIX  shows  two 
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examples  of  this  form  of  wheel  as  used  in  saw  mills,  which  was  their 
principal  application.  Figs.  14  and  15  show  the  wheel  used  for 
giving  motion  to  the  saw.  This  had  to  be  of  small  diameter  in  order 
to  give,  under  any  ordinary  head,  the  required  speed  of  about  120 
strokes  per  minute  to  the  saw.  The  body  of  the  wheel  is  represented 
as  a  solid  piece  of  27  ins.  diameter.  At  one  end  a  gudgeon  is  inserted,  at 
the  other  a  crank  for  giving  a  reciprocating  motion  to  the  saw  frame,  by 
means  of  a  long  wooden  rod  called  the  pitman.  The  floats  are  secured 
in  forked  starts  set  in  to  the  body  of  the  wheel  by  dovetail  tenons  and 
keys.  The  weight  of  the  wheel  was  considered  advantageous  as  giving 
a  more  equable  motion  to  the  saw.  The  water  was  let  on  from  an 
opening  at  the  bottom  of  the  flume.  Figs.  17  and  18  show  another 
arrangement  of  sluice  for  applying  the  water,  allowing  it  to  fall  down 
an  inclined  chute  through  a  gate  opening  formed  to  give  it  the  proper 
initial  direction.  Fig.  17  shows  an  old  method  of  lifting  and  dropping 
a  gate.  The  gate  stem  passed  through  a  guide  not  shown.  A  chain 
for  lifting  the  gate  was  attached  at  a  point  low  down  on  the  stem. 
Another  for  lowering  it  at  a  point  near  the  top.  The  chains  pass  in 
opposite  directions  around  a  drum  and  are  fastened  at  the  back.  The 
operation  of  the  gate  by  means  of  the  lever  is  obvious. 

Fig.  16  shows  the  flutter  wheel  used  in  a  saw  mill  for  running  back 
the  carriage.  It  is  4£  ft.  in  diameter  to  the  extremity  of  the  floats.  Its 
construction  is  the  same  as  that  of  the  tub  wheel  already  described, 
except  that  the  shaft  is  squared  where  the  arms  go  on,  and  the  latter 
are  applied  as  shown  at  Fig.  1. 

The  figures  of  Plate  XL  show  the  mechanism  of  the  primitive  >a\s 
mill  now  as  much  an  antiquity  as  the  old  domestic  spinning  wheel,  a 
is  the  water  wheel  (Figs.  14,  15).  b  the  flutter  wheel  (Fig.  16).  The  saw 
stretched  in  its  frame  g,  ran  in  grooves  in  the  fender  posts//.  These 
were  attached  by  hook  tenons  to  the  beams  of  the  mill  and  were 
adjustable  laterally  by  wedges,  d  d  is  the  carriage  which  supports  tin- 
log.  It  runs  upon  the  ways  e  e,  consisting  of  narrow  plank  set  edge^  ise 
in  notches  cut  in  the  floor  beams  and  secured  by  wedges.  The  carriage 
is  moved  by  a  trundle  on  the  same  shaft  with  the  rag  wheel  c.  This 
wheel  has  an  iron  ratchet  ring  in  its  periphery,  and  is  provided  with 
teeth  in  the  manner  of  a  face  wheel.  The  vertical  shaft  of  the  flutter 
wheel  b  carries  at  its  upper  end  a  lantern  which  remains  in  gear  with 
the  face  wheel  c,  the  flutter  wheel  conforming  to  the  movements  of  the 
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carriage.  A  series  of  teeth  is  inserted  in  the  bottom  of  one  of  the 
side  timbers  of  the  carriage  frame.  They  are  alternately  on  opposite 
sides  of  the  way  on  which  it  runs  and  fit  the  latter  closely.  The  way  is 
interrupted  at  the  point  where  the  trundle  engages  with  these  teeth. 
A  lever  h,  worked  by  the  top  of  the  saw  frame  g,  imparts  a  rocking- 
movement  to  a  shaft  with  a  projecting  arm  to  which  the  hand  pole  A-  is 
jointed.  This  pole  carries  an  iron  -'hand"  at  its  opposite  end  resting 
on  the  rag  wheel  c.  This  wheel  is  provided  with  a  pawl  which  pre- 
vents it  from  going  backward,  and,  by  the  action  of  the  hand  pole  and 
through  the  trundle,  advances  the  carriage  slightly  at  each  stroke  of  the 
saw.  The  hand  pole  k  is  attached  to  the  arm  by  a  pin,  and  by  means 
of  a  series  of  holes  in  the  arm  the  feed  can  be  varied  according  to 
necessity.  One  end  of  the  log  rests  upon  the  head  block  I  fixed  upon 
the  carriage,  the  other  on  the  tail  block  which  is  adjustable  to  suit  the 
length  of  the  log.  "Dogs,"  attached  to  the  blocks,  are  driven  into  the 
log  to  hold  it  in  position.  When  the  tail  block  closely  approaches  the 
saw,  a  projection  on  the  carriage  strikes  a  trigger  which  lifts  the  hand 
pole  and  pawl  off  the  rag  wheel,  turns  a  light  stream  of  water  on  to  the 
flutter  wheel  and  the  carriage  runs  gently  back  till  the  saw,  which  does 
not  stop,  enters  the  recess  m  in  the  head  block.  The  attendant  then 
releases  the  dogs,  adjusts  the  log  with  his  mill  bar  to  a  new  position, 
drives  in  the  dogs,  drops  the  hand  pole,  and  the  work  goes  on. 

The  several  figures  of  Plates  XLI  and  XLII  show  the  form  which  the 
breast  wheel  assumed  early  in  the  present  century  when  textile  manu- 
factures began  to  extend.  It  was  at  a  later  date  that  iron  shafts  were 
introduced.  In  this  form  many  specimens  still  survive,  though  no  new 
ones  are  constructed.  It  was  not  far  from  1815  that  the  breast  wheel 
in  New  England  began  to  be  replaced  by  turbines,  and  as  the  substitu- 
tion is  not  yet  complete,  it  is  apparent  that  the  wheel  must  possess 
merit  in  order  to  hold  its  ground  so  long. 

In  this  form  the  wheel  has  a  width,  or  as  we  should  say,  length, 
greatly  exceeding  the  old  grist  mill  wheels,  the  one  shown  being  some- 
thing over  20  ft.  long.  It  has  four  sets  of  arms  and  shrouding.  The 
shrouding  at  one  end  is  made  much  heavier  than  the  others,  and  on  this 
is  bolted  a  series  of  segments  forming  a  toothed  ring  through  which  the 
power  is  transmitted  to  a  pinion  called  the  jack  gear.  The  arms  radiate 
from  cast-iron  hubs  or  discs  fixed  upon  the  shaft.  In  the  example 
shown,  the  larger  ends  of  the  arms  enter  recesses  in  the  hub  and  are 
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strongly  secured  by  hard  wood  wedges,  then  covered  by  a  plate  united 
to  the  disc  by  bolts  and  nuts.  In  the  example  of  Plate  XLI,  the  sol- 
ing is  secured  to  the  shrouding  by  wood  screws  or  lag  screws.  The 
buckets  differ  from  the  older  form  of  wheel  in  being  made  in  two  parts — 
the  start,  which  is  radial  to  the  wheel,  and  the  float,  which  is  usually  in 
a  direction  nearly  tangent  to  the  soling.  This  bucket  does  not  empty 
so  soon  as  the  older  form.  In  the  construction  of  Fig.  22  the  floats 
and  starts  can  be  inserted  in  grooves  cut  in  the  shrouding,  the  soling 
being  applied  afterwards.  In  that  of  Figs.  26  and  27  the  soling  is 
put  in  first,  forming  a  continuous  drum  or  barrel  before  inserting  the 
buckets. 

The  admission  of  water  is  controlled  by  horizontal  sliding  gates,  as 
shown,  the  wheel  having  three  sets  of  three  gates  each.  Each  gate  is 
attached  by  two  rods  to  arms  on  the  rocking  shaft  c,  which  is  con- 
trolled by  a  regulator  in  the  manner  indicated.  In  wheels  of  more 
recent  construction,  the  method  of  admitting  the  water  shown  at  Fig. 
28  has  been  employed.  A  heavy  web  of  rubber  cloth  or  leather  is 
wound  upon  the  iron  cylinder  b,  which  is  roiled  up  and  down  under 
control  of  the  regulator,  covering  and  uncovering  the  orifices  a  a  a  ac- 
cording to  the  requirements  of  the  work.  This  method,  however,  does 
not  appear  to  offer  any  advantage  over  the  old  arrangement  of  sliding 
gates.  On  the  contrary,  the  latter  appears  to  offer  a  more  ready  ad- 
justment of  the  velocity  to  sudden  variations  of  power. 

Ancient  Gearing. — Large  face  wheels  were  made  of  two  thicknesses 
of  4-in.  plank,  each  wheel  requiring  12  pieces  called  "cants."  The 
pieces  were  all  circled  to  the  proper  radius.  Six  of  them  were  scribed, 
halved  and  pinned  together  into  a  continuous  ring;  the  remaining 
six  were  butted  together,  forming  another  ring,  which  was  confined  to 
the  former  by  a  great  number  of  wooden  trenails.  A  face,  some  (>  ins. 
wide  and  projecting  £  in.,  was  formed  on  this  latter  ring,  in  which  the 
teeth  were  inserted.  A  set  of  arms  was  inserted  in  the  shaft  as  already 
described  for  water-wheels.  To  these  the  wheel  was  adjusted  by  suit- 
able notches  and  shoulders  and  secured  by  pins. 

The  lantern  was  formed  of  two  discs  united  by  the  rounds  which 
served  as  teeth.  Each'disc  was  made  of  two  thicknesses  of  plank  or 
boards  pinned  together  and  strongly  banded.  These  wheels  were 
attached  to  their  shafts  or  spindles  by  wedges. 

The  Construction  of  the  Spur  Gear. — Figs.  Hand  12  are  gathered  from 
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descriptions  of  old  gearing.  A  series  of  thick  wooden  staves  or  seg- 
ments is  bound  together  by  iron  hoops  at  the  ends,  leaving  the  central 
part  free  for  the  mortises  in  which  the  teeth  are  inserted.  The  seg- 
ments are  cut  with  the  grain  parallel  to  the  axis  of  the  wheel.  The 
wheel  thus  formed  is  mounted  on  the  arms  in  the  manner  indicated. 
A  mode  of  constructing  large  spur  wheels  more  common  in  Europe 
was  the  following  :  two  sets  of  arms  were  mounted  upon  a  square 
shaft  in  the  manner  shown  at  Fig.  1.  To  these  were  applied  shrouding 
pieces,  as  in  the  case  of  the  water-wheel,  forming  two  rims  at  a  suitable 
distance  apart.  Between  these  rims  was  inserted  a  series  of  segmental 
blocks,  the  grain  radial,  a  tooth  being  formed  on  the  outer  end  of  each 
block.     The  whole  was  rirnily  bound  together  with  bolts  and  straps. 

Fig.  29,  Plate  XEIII,  though  not  comprehended  in  the  title  of  this 
paper,  will  be  of  interest  in  this  connection.  It  is  borrowed  from 
Fairbairn's  "Useful  Information  for  Engineers,"  and  represents  a 
corn  mill  erected  in  England  in  1730.  It  is  said  by  Mr.  Fairbairn  to 
correctly  represent  the  state  of  art  with  reference  to  mill  gearing  at 
that  time.  It  shows  that  our  American  millwrights  were  not  much 
behind  their  fellow  craftsmen  of  England  at  that  earlv  date. 


DISCUSSION 


F.  Collingwood,  M.  Am.  Soc.  C.  E. — I  would  like  to  ask  Mr.  Frizell 
whether  he  has  paid  any  attention  to  cast-iron  wheels  ?  As  a  lad,  I 
remember  there  was  a  foundry  near  where  I  lived  where  a  great  many 
cast-iron  wheels  were  made.     That  was  in  1815. 

J.  P.  Fbizell,  M.  Am.  Soc.  C.  E. — Do  you  refer  to  breast  wheels 
or  overshot  wheels  of  cast  iron  ? 

Mr.  Collingwood. — They  were  small  wheels,  not  over  4  ft.  in  diame- 
ter, with  curved  buckets  cast  in  iron. 

Mr.  Frizell. — Many  turbines  have  been  and  still  aie  made  almost 
wholly  of  cast  iron.  Some  very  efficient  wheels  are  made  in  this  man- 
ner. A  preferable  method,  in  my  opinion,  is,  to  ruake  the  floats  and 
guides  of  wrought  iron  or  steel.  These  are  set  up  in  the  molds  be- 
fore casting,  and  on  pouring  in  the  molten  metal  they  become  solidly 
united  with  the  cast-iron  parts. 

Mr.  Collingwood. — I  asked  the  question  because  it  seemed  to  me 
that  was  probably  the  beginning  of  the  introduction  of  the  turbine, 
which  has  finally  displaced  the  wheels  that  are  described  in  this  paper. 
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Mr.  Frizell. — Water-wheels  wholly  of  cast  iron  are  not  now,  and 
never  have  been,  to  my  knowledge,  made.  I  use  the  term  ' '  water- 
wheel,"  now,  in  distinction  from  "  turbine,"  to  indicate  a  wheel  run- 
ning on  a  horizontal  shaft,  with  a  diameter  nearly  or  quite  equal  to  the 
fall,  sometimes  greatly  exceeding  the  latter,  the  water  acting  on  the 
wheel  mainly  by  gravity.  Such  wheels  continued  to  be  made  after  the 
substitution  of  iron  for  wood  in  construction.  The  shaft,  and  what  we 
might  call  the  ' '  hubs, "  that  is,  the  members  which  unite  the  radial  arms 
with  the  shaft,  called  rosettes  or  centers,  were  of  cast  iron  ;  the  remain- 
ing parts  of  wrought  iron  or  wood.  Wheels  of  this  construction  still 
continue  to  be  made  in  Europe.  As  late  as  1886,  an  elaborate  German 
work,  by  Bach,  was  issued,  devoted  mainly  to  these  wheels. 

One  of  the  largest  and  most  elaborate  wheels  of  this  class,  made 
wholly  of  iron,  was  erected  at  Greenock,  in  Scotland,  some  time  pre- 
vious to  1850.  It  was  some  70  ft.  in  height.  Its  construction  was 
similar  to  that  of  the  Columbia  bicycle,  the  weight  of  the  water  acting 
directly  on  the  gears  and  producing  no  torsional  strain  on  the  shaft. 
For  aught  I  know,  it  may  be  still  in  operation. 

The  extension  of  the  iron  industry,  and  the  substitution  of  iron  for 
timber,  was  not,  as  has  been  suggested,  the  sole  cause  of  the  replacing 
of  these  wheels  by  turbines.  Other  reasons  contribute  largely  to  this 
result.  These  wheels  were  bulky  and  occupied  valuable  space.  In  our 
rigorous  northern  climate  they  had  to  be  housed  in  to  protect  them 
from  the  frost.  I  imagine  that  a  turbine.  5  ft.  in  diameter  would 
furnish  as  much  power  as  the  enormous  breast  wheel  that  I  have  just 
referred  to.  There  was  still  another  reason  of  great  force.  These 
wheels  revolved  with  a  slow  speed.  The  Greenock  wheel  referred  to 
would  not  probably  make  more  than  two  revolutions  per  minute,  and 
an  ordinary  20-ft.  breast  wheel  not  more  than  seven  or  eight.  To  bring 
this  speed  up  to  the  requirements  of  modern  industry  involved  changes 
and  transformations  consuming  much  power.  So  that,  although  the 
old  overshot  and  breast  wheel  might,  and  no  doubt  often  did,  realize 
quite  as  large  a  percentage  of  the  power  of  the  water  as  the  modern 
turbine,  the  losses  incident  to  the  intermediate  gearing  made  the  net 
result  materially  less.  When  we  reflect  that,  as  compared  with  the 
great  wheel  at  Greenock,  a  modern  turbine  of  5  ft.  diameter,  would  not 
only  furnish  the  same  power,  but  would  run  with  a  speed  of  '200  or  :?0(> 
revolutions  a  minute,  we  perceive  the  enormous  practical  disadvantage 
under  which  the  great  wheel  works. 

For  operations  requiring  a  very  slow  movement,  there  is  no  ques- 
tion that  water-wheels  may  be  made  to  use  water  with  an  efficiency 
quite  equal  to  that  of  the  turbine,  or  even  greater.  The  Sagebein 
wheel,  invented  in  Europe,  some  20  years  ago,  yielded  by  actual  test, 
and  under  the  hands  of  an  experimenter  no  less  distinguished  than  M. 
Tresca,    an    efficiency    of    93%,    a    result    never  equaled    or   closely 
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approached  by  any  turbine.  This  wheel  had  a  diameter  many  times 
the  fall,  and  revolved  with  a  very  low  velocity,  not  more  than  4  ft.  per 
second  at  the  circumference — thus  wholly  unsuited  to  most  modern 
requirements. 

There  is  one  use  to  which  a  wheel  of  this  kind  may  be  applied  in 
which  it  will  probably  never  be  superseded  by  the  turbine,  viz.,  the 
raising  of  water  for  irrigation  or  other  purposes.  A  wheel  of  large 
diameter  working  on  a  very  low  head,  too  low  to  be  available  for  a 
turbine,  is  provided  with  a  series  of  small  vessels,  which  fill  when  at 
the  lowest  point  and  at  the  summit  of  the  wheel,  discharge  into  a  spoilt 
leading  to  the  irrigation  ditches.  Many  such  wheels  are  met  with  in 
Southern  Texas,  Mexico  and  California.  They  are  found  in  great 
numbers  in  India,  China,  Southern  Italy  and  in  Spain.  Being  used  ex- 
clusively in  hot  countries,  they  require  no  protection  from  the  frost. 
It  is  said  that  more  water  is  raised  by  this  means  than  by  any  other 
device  known  to  man. 

T.  C.  Clarke,  M.  Am.  Soc.  C.  E. — I  remember  seeing  the  old-fash- 
ioned wheels.  It  may  be  of  interest  to  call  the  attention  of  the  Society 
to  the  reason,  which  I  do  not  see  given  in  this  paper,  why  all  these 
wheels  have  gone  out  of  date  and  have  been  superseded  by  the  turbine. 
It  is  because  the  age  of  iron  has  superseded  the  age  of  wood.  In  the 
old  days  they  made  what  they  could  in  wood;  the  facilities  of  the 
country  in  working  in  iron  were  not  sufficient  to  make  the  modern  tur- 
bine, even  if  it  had  been  invented.  After  the  invention  of  modern  ma- 
chinery the  wooden  wheels  were  superseded  by  iron,  just  as  you  have 
seen  the  iron  plows  take  the  place  of  wooden  plows  on  the  farm. 

Mr.  Frizell. — I  think  the  reason  why  these  great  wheels  have 
been  superseded  is  not  altogether  on  account  of  materials,  etc. 

Mr.  Clarke. — That  confirms  the  view  which  I  suggested.  It  would 
be  impossible  to  make  a  turbine  or  Pelton  wheel  out  of  wood;  you 
have  got  to  learn  how  to  work  the  iron  before  you  can  make  these 
modern  wheels  at  all. 

Joseph  T.  Dodge,  M.  Am.  Soc.  C.  E. — This  being  the  first  time  I 
have  happened  to  attend  a  meeting  here  I  feel  a  certain  embarrassment 
about  making  any  remarks,  but  I  remember  the  use  of  a  wheel  with 
cast-iron  curved  buckets  placed  inside  of  a  rim,  which  was  used  spec- 
ially to  run  the  carriage  back  where  they  were  sawing  lumber.  The 
spout  conveyed  water  down  at  an  angle  of  about  45°,  sti-iking  the 
curved  buckets  at  a  right  angle  as  nearly  as  possible.  Those  curved 
buckets  were  supported  by  an  outer  and  an  inner  rim.  The  overshot 
and  undershot  wheels  were  also  in  use,  as  has  been  described.  That, 
of  course,  refers  to  the  time  between  1830  and  1840.  I  recall  how  the 
wheel  was  propelled  in  one  saw  mill.  The  saw  was  an  up-and-down 
one;  the  wheel  consisted  of  two  rims  with  straight  floats  between;  the 
water  was  delivered  at  an  angle  of  45°,  striking  the  flat  faces  and  work- 
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ing  the  crank  which  operated  the  saw.  That  is  the  way  the  country 
saw  mills  were  operated.       The  overshot  was  used  too,  in  some  cases. 

O.  F.  Nichols,  M.  Am.  Soc.  C.  E. — The  Burden  over-shot  wheel  at 
Troy,  which  has,  I  think,  been  mentioned,  should  rank  among  the  old 
American  wheels.  It  was  constructed  of  metal,  and  its  diameter  was 
very  great,  about  60  ft.  The  conditions  under  which  it  was  used  are 
still  maintained,  and  the  wheel  is  now  in  use.  These  conditions 
were  very  peculiar.  There  was  a  comparatively  slight  flow  of  water 
reaching  the  site  of  the  wheel  through  the  tail  race,  and  falling  60  ft. 
over  the  wheel.  This  was  an  uncertain  flow,  reliable  when  you  could 
have  it,  but  you  could  not  always  have  it,  and  at  very  low  stages  of 
the  river  every  drop  of  the  water  was  allowed  to  pass  over  the  wheel. 
The  wheel  was  22  ft.  wide  on  the  face.  It  had  36  buckets,  each  6  ft. 
deep,  and,  of  course,  every  time  it  turned  around  there  was  a  great 
deal  of  work  done  with  a  relatively  small  amount  of  water. 

Mr.  Frizell  has  spoken  about  the  necessity  of  housing  in;  as  to  the 
space  occupied  by  this  Troy  wheel,  the  wheel  was  placed  in  a  niche 
or  cranny  of  the  rock  that  could  hardly  be  used  for  any  other  pur- 
pose. They  simply  housed  in  a  corner  in  the  rock  in  which  this 
wheel  was  placed.  I  doubt  if  the  space  could  have  been  as  well 
utilized  in  any  other  way.  Working  under  a  continuous  supply  of 
water,  the  efficiency  of  this  wheel  would  be  very  great  indeed,  perhaps 
surpassing  that  of  some  of  the  modern  turbines.  The  Burden  Iron 
Company  advise  me  that  the  wheel  was  built  in  1851,  is  still  in  oper- 
ation and  is  rated  at  200  H.  P. 

The  turbine  wheels  of  modern  times  are  among  the  most  efficient 
of  prime  movers,  and  skill  and  ingenuity  have  so  developed  and  im- 
proved these  machines  that  they  have  been  introduced  to  the  exclusion 
almost  of  all  the  other  forms  which  utilize  peculiar  surroundings,  as 
at  Troy.  The  modern  wheel  is  compact  and  convenient  ;  you  can 
use  several  smaller  wheels  in  the  same  space  occupied  by  one  large 
one. 

I  recall  an  instance  in  ordinary  railway  experience  where  it  was  de- 
sirable to  furnish  the  power  for  drills,  etc.,  in  tunnel  boring,  and 
where  it  would  have  been  very  difficult  to  obtain  or  set  up  steam  ap- 
paratus or  indeed  any  machinery,  and  very  expensive  to  transport  it 
to  the  tunnel  sites.  In  one  or  two  instances  we  arranged  to  use  a  large 
overshot  wheel.  The  reason  for  selecting  this  character  of  wind  was 
that,  having  a  pretty  good  grade  in  the  river,  a  mountain  torrent,  we 
could  use  a  closed  tube  under  very  light  pressure,  carried  at  very 
light  grade,  about  one-half  of  one  per  cent.  This  was  enough  to  carry 
the  water  along  the  bank  of  the  river,  and  then  we  simply  extended 
this  pipe  or  tube  until  we  had  reached  the  level  of  the  top  of  the 
wheel.  The  wheel  was  made  in  sections  and  could  be  moved  easily 
from  one  place  to  another  and  had  no  expensive  foundations.      A  tur- 
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bine  wheel  in  such  cases  would  be  out  of  the  question.  I  wish  Mr. 
Frizell  had  given  us  some  instances  and  illustrations  of  the  more 
celebrated  of  the  older  wheels.  I  know  that  the  wheels  he  speaks  of 
in  Europe  have  been  illustrated,  and  I  wish  the  Troy  wheel  might  have 
been  pictured,  and  its  efficiency,  present  condition  and  relative  use- 
fulness made  known  ;  it  was  certainly  one  of  the  older  of  the  power- 
ful American  wheels,  and  the  forerunner  of  the  more  compact  but  not 
more  efficient  turbine. 

Mr.  LeVajjLe. — I  hope  I  do  not  impose  on  the  kindness  of  the 
members.  In  France,  especially  on  the  Seine,  where  the  current  is 
very  rapid,  they  have  large  wheels  made  like  those  of  a  steamboat; 
these  are  in  the  front.  The  paddles  are  very  long  and  instead  of 
moving  the  boat,  the  boat  is  anchored  and  the  wheel  is  let  loose  and 
it  is  moved  simply  by  the  velocity  of  the  current,  and  this  is  utilized 
for  small  industries,  for  turning  a  lathe,  or  for  grinding  coffee, 
or  probably  chicory  or  whatever  goes  into  the  coffee.  I  do  not 
know  whether  these  have  come  to  the  knowledge  of  Mr.  Frizell.  I 
think  it  would  be  interesting  to  know.  I  think  they  would  be  of  value 
to  small  industries.  I  do  not  suppose  they  could  be  applied  in  this 
country  to  large  industries. 

Mr.  Coi/lingwood. — In  reference  to  those  wheels,  I  saw  a  great  many 
of  them  in  going  down  the  Danube;  there  were  quantities  of  those 
wheels.  I  think  they  were  used  for  all  milling  purposes,  I  think  for 
grinding  corn. 

A.  McC.  Pakkek,  M.  Am.  Soc.  C.  E. — I  have  seen  a  water-wheel  much 
of  that  pattern  used  in  Colorado  for  irrigating  purposes.  A  wheel  was 
put  in  a  stream  so  it  could  turn,  and  as  it  turned  it  had  boxes  on  the 
outside  of  it,  each  of  which  took  up  a  small  amount  of  water  which 
was  thrown  into  a  flume  and  used  for  irrigating  purposes. 

L.  L.  Teibus,  Assoc.  M.  Am.  Soc.  C  E. — I  remember  an  instance  of 
what  might  be  called  an  automatic  water  wheel  running  a  small  saw- 
mill which  I  came  across  in  a  small  stream  high  up  in  a  Swiss  moun- 
tain district.  I  was  curious,  also  wanting  to  rest,  so  went  into  the 
saw  mill,  but  could  find  no  one  operating  it.  There  was,  however,  a 
vertical  saw  industriously  cutting  through  a  log.  I  waited  a  little 
while  to  see  what  would  happen.  Attached  to  the  end  of  the  log  was 
a  small  stick  nailed  at  right  angles  to  it ;  when  the  saw  reached  this  end, 
the  stick  of  wood  struck  a  lever,  releasing  a  gate  in  the  flume;  the  gate 
fell  and  the  mill  stopped.  When  the  proprietor  returned  from  his 
morning's  farming  he  would  turn  over  the  log,  lift  the  gate  and  the  mill 
would  start  in  again  and  work  until  another  board  was  sawed  off.  Two 
boards  a  day  or  perhaps  three. 
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NOTES  ON  COST  OF  OPERATING  CABLE  RAIL- 
WAYS.* 


By  D.  Bontecoit,  M.  Am.  Soc.  C.  E. 
Read  Apkil  19th,  1893. 


The  demand  in  recent  years  for  improved  street  railway  service  has 
developed  an  active  interest  in  the  cost  and  efficiency  of  cable  roads, 
but  the  contributions  to  the  general  fund  of  knowledge  by  those  who 
Lave  built  or  operated  them  have  not  been  in  proportion  to  the  import- 
ance of  the  subject. 

There  has  been  so  much  misinformation  about  the  net  results  which 
can  be  expected  from  a  cable  railway,  inspired  by  commercial  interests, 
or  by  a  vicious  tendency  to  generalize  without  studying  the  special 
cases,  that  it  seems  proper  to  present  a  few  facts,  and  to  draw  from 
them  some  inferences  as  to  the  real   importance  of  what  have  been 

*  Discussions  on  this  paper  received  before  July  1st,  is;w,  will  be  published  in  a  sub- 
sequent number. 
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properly  considered  as  serious  objections  to  the  cable  system.  It  is, 
perhaps,  generally  understood  that  the  cost  of  operation  for  a  fast  and 
frequent  service  is  less  with  the  cable  than  with  any  other  form  of 
traction;  and  that  the  cost  of  first-rate  construction  is  so  large  that  a 
considerable  volume  of  business  is  necessary  to  produce  a  return  on 
the  investment. 

It  is  not  well  understood  where  to  draw  the  line  which  determines 
the  amount  of  gross  receipts  which  will  justify  constructing  a  cable  road 
of  a  given  cost,  and  some  conclusions  may  be  drawn  from  an  exhibit 
of  the  actual  facts  as  to  first  cost  and  cost  of  operation  in  the  case  of  a 
single  system  in  Kansas  City,  which,  as  operated  under  the  conditions 
of  its  last  fiscal  year,  may  be  selected  as  representing  the  inferior  limit 
of  justifiable  cable  operation,  its  net  earnings  having  been  about  S^% 
on  its  cost;  and  the  daily  average  of  passengers  transported  having 
been  but  1  706  per  mile  of  double  track.  This  system  is  well  equipped 
and  managed,  has  given  a  very  satisfactory  service,  and  affords  an 
excellent  illustration  of  what  can  be  done  with  cable  traction  under 
adverse  conditions  of  business. 

The  property  comprises  8.54  miles  of  double  track,  disposed  as  a 
trunk  line  in  the  business  part  of  the  city,  with  three  diverging  feeders, 
the  whole  being  operated  as  three  distinct  lines  with  one  common 
terminus,  and  serving  a  territory  of  which  about  two-thirds  is  sparsely 
built  up. 

There  are  three  ropes,  14  200,  29  500  and  31  000  ft.  long,  respectively, 
driven  from  a  power-house  at  the  junction  of  two  of  the  lines,  and  a 
fourth  rope,  18  900  ft.  long,  driven  from  a  separate  power-house  at  the 
outer  end  of  the  third  line. 

The  speeds  are  as  follows:    7.8,  9.85,  9.85  and  10.25  miles  per  hour. 

The  track  includes  716°  of  double  track  curvature,  with  no  grades 
exceeding  10%".  The  conduit  is  36  ins.  deep,  and  the  rope  liins.  in 
diameter,  carried  on  12-in.  pulleys. 

The  cars  are  of  the  combination  type,  seating  40  persons,  and  run- 
ning on  two  four-wheel  trucks,  with  22-in.  wheels,  and  equipped  with 
side-bearing  grips.  The  machinery  plant  of  main  house  consists  of 
one  36  x  48-in. ,  and  one  32  x  48-in.  simple  non-condensing  engine, 
which  are  run  alternately,  three  200-H.  P.  boilers,  and  an  electric  light 
plant.  The  driving  drums  are  12  and  14  ft.  in  diameter,  with  solid 
grooves,  and  one  drum  of  each  pair  is  an  idler. 
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The  machinery  plant  in  the  branch  power-house  consists  of  one 
24  x  48-in.  simple  engine,  with  two  175-H.  P.  water-tube  boilers  and 
driving  machinery.  The  main  engine-house  contains  the  offices  and 
shop.  The  branch  engine-house  includes  car  storage  for  the  cars  of  its 
own  line,  and  there  are  car-houses  at  the  ends  of  the  other  two  lines. 

The  equipment  comprises  99  combination  cars. 

The  system  has  been  in  operation  four  years,  so  that  its  mainten- 
ance expense  has  reached  a  normal  rate. 

The  construction  account  is  as  follows: 

Real  estate 8116  736  38 

Underground  obstructions 20  285  38 

Substructure 542  819  65 

Track  and  line  machinery 276  074  99 

Paving 159  091  83 

Buildings 184  391  69 

Machinery 130  003  37 

Equipment 202  926  47 

Ropes  and  splicing  tools 30  759  65 

Patents 12  950  75 

Engineering,  legal  and  miscellaneous  . .  .  83  017  47 

Discount  and  interest 146  931  31 


Total 81  905  989  11 

The  figures  are  exclusive  of  cost  of  franchise  and  grading  new 
streets,  and  show  an  average  cost  per  mile  of  8223  184 

The   conditions  and  results  of  the  operation  of  this  line   for 
year   ending   April  1st,    1892,  are   condensed  in   the    following   table 
which  is  taken  from  the  Company's  published  reports,  the  details  of 
motive-power  expense  being  somewhat  amplified. 

As  the  cars  weigh  11  000  lbs.,  seat  40  people,  and  entail  the  same 
train-service  expense  as  the  more  usual  train  of  grip  and  trail  car, 
each  car  mile  is  equivalent  to  two  standard  ear  miles,  and  the  term 
car  mile  should  be  understood  in  what  follows  to  mean  a  standard  ear 
mile. 
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Operating  Expenses. 

Car  service  and  expense §73  814  87 

Injuries  to  persons  and  property 5  086  57 

Secret  service 528  65 

Repairs,  cars 4  862  14 

Car-house  service  and  expense 9  620  84 

Maintenance,  track  and  building 8  429  07 

Motive  Power — 

Fuel 817  407  00 

Water , 1  157  10 

Oil  and  grease \...       1  040  61 

Engine-house  service 7  786  11 

Repairs,  machinery 268  21 

Engine-house  expense 299  01 

827  958  (II 


Ropes 829  380  60 

Rope  service  and  expense 3  065  69 

Repairs  of  grips 1  789  46 


34  235  75 
62  193  79 


Taxes 4  596  00 

General  and  miscellaneous 26  610  30 


Total 8195  241  73 


The  total  car  mileage  was  (  "  comb."  cars,  1  415  366) 2  830  732 

The  number  of  revenue  passengers  carried 5  318  410 

The  number  of  passengers  per  car  mile 1.9 

The  average  number  of  (combination)  cars  run  daily 61 

This  statement  includes  every  item  of  expense,  and  shows  a  net 
result  of  6.9  cents  per  car  mile,  or  10.3  cents  if  the  interest  on  cost  at 
">'  |    lie  considered. 

While  there  is  no  unit  of  operating  expense  which  can  be  used  as  a 
basis  of  comparison  between  roads  run  under  different  conditions,  the 
"car  mile  "  most  nearly  serves  the  purpose.  The  item  of  motive  power 
being  directly  affected,  however,  by  the  ratio  of  weight  of  passengers 
to  weight  of    cars.     It  is  probable  that  the  cost  of  operating  these 
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lines  might  have  been  increased  to  a  small  extent,  possibly  \%  per  ear 
mile,  by  a  larger  volume  of  business. 

,  Recurring  to  the  details  of  motive-power  expense,  the  fuel  and 
rope  accounts  are  objects  of  special  interest.  The  fuel  used  is  bitumi- 
nous Kansas  coal,  with  about  18,%  ash  used  in  the  form  of  nut  and 
slack  coal,  in  proportions  of  3  to  2,  the  cost  being  #2.0l£  per  ton 
of  2  000  lbs.  Allowing  30  H.  P.,  or  a  consumption  of  about  255  tons 
per  annum,  for  electric  light  and  shop  engine,  we  find  that  the  coal 
consumption  without  deduction  for  getting  up  steam  and  banking  fires 
was  5.93  lbs.  per  car  mile,  and  about  2.1  lbs.  of  coal  per  ton  mile. 
The  great  variation  of  engine  loads  makes  it  rather  impracticable  to 
determine  the  average  power  required;  but  by  assuming  the  evapora- 
tion ratio  as  7  to  1,  as  determined  by  tests  made  of  one  of  the  boilers 
run  under  average  conditions  and  steam  consumption  of  28  lbs.  per 
hourly  horse-power,  and  allowing  about  5%  of  the  fuel  for  banking 
fires  and  getting  up  steam,  an  average  horse-power  of  575  is  indicated, 
as  developed  by  the  two  engines,  this  result  seeming  very  reasonable 
in  the  light  of  the  indicator  cards  which  have  been  taken. 

The  total  indicated  engine  friction  is  64  H.  P.,  and  the  total  resist- 
ance of  all  ropes  when  no  cars  are  on  the  line  has  been  accurately 
determined  at  345  H.  P.,  leaving  166  H.  P.  as  the  average  increased 
resistance  of  rope  due  to  loads,  and  the  traction  of  61  cars  with  their 
passengers,  or  2.72  H.  P.  per  standard  car.  The  actual  efficiency  can- 
not well  be  determined  in  the  absence  of  reliable  data  of  power  required 
by  the  cars,  and  of  the  increase  in  rope  resistance  due  to  loads,  but 
the  net  result  of  -iVo  cents  per  car  mile  for  all  engine  and  fuel  expense 
is  sufficiently  definite. 

These  figures  by  no  means  represent  the  results  which  may  be 
attained  by  cable  traction  under  more  favorable  conditions,  and  a 
better  showing  can  probably  be  made  by  a  number  of  roads.  One 
line  in  the  East  had  a  record  last  year  of  2.28  lbs.  of  coal  per  ear  mile, 
the  average  load  being  4^  passengers  per  car  mile. 

The  cost  of  ropes  on  the  Kansas  City  road,  with  incidental  service 
and  grip  repairs,  is  1.21  cents  per  car  mile.  These  ropes  last  from  six 
months,  in  the  case  of  the  short  main-line  rope,  to  two  years  in  that  of 
the  independent  branch-line  rope,  and  have  an  approximate  life,  respec- 
tively, of  20  000,  55  000.  68  000  and  130  000  miles. 

As  the  cables  are  bought  on  a  guarantee  and  the  cost  charged  out 
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each  month,  this  account  is  a  perfectly  definite  one,  and  its  relative 
amount — about  one-sixth  of  the  whole — does  not  justify  the  terrors 
with  which  the  maintenance  of  the  ropes  has  sometimes  been  invested. 

The  statement  of  first  cost  given  above  is  of  value  in  showing  the 
distribution  of  the  construction  expenses  in  a  substantially  built  road, 
and  in  a  general  way  the  cost  of  the  items  which  are  peculiar  to  the 
cable  system,  and  also  as  an  approximate  indication  of  the  addition  to 
the  operating  cost  to  be  made  on  account  of  the  interest  charge. 
Nearly  all  these  items  would  be  modified  by  different  conditions,  but 
these  lines  could  be  built  to-day  for  less  money  than  they  cost  five 
years  ago. 

For  further  illustration,  and  for  comparison  with  the  cost  of  the 
Kansas  City  road,  a  summary  is  given  below  of  the  cost  of  a  line  in  the 
East,  built  to  serve  a  heavy  traffic,  and  designed  to  secure  results  of 
permanence  and  small  operating  expense,  which  have  been  fully  real- 
ized. It  is  almost  straight  in  its  alignment,  very  fully  equipped, 
and  the  33  000-ft.  rope  is  driven  by  compound  condensing  engines  of 
300  H.  P. 

Cost  of  Cable  Road  3.05  Miles  Long. 

Real  estate $67  065  21 

Underground  obstructions 46  500  00 

Substructure  and  track 222  386  38 

Paving 83  000  00 

Power-house  and  vault 103  032  02 

Machinery  and  plant 65  563  34 

Equipment  (88  cars) 85  949  98 

Rope 10  394  34 

Patents 8  000  00 

Interest 22  136  05 

Engineering,  legal  and  miscellaneous 16  845  61 

Total $730  872  93 

A  total  cost  per  mile  of  $239  240. 

Census  Bulletin  No.  55  states  the  cost  of  10  cable  railways,  varying 
from  $160  000  to  $684  000  per  mile,  and  averaging  $350  000  per  mile. 
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These  statistics,  although  bearing  the  Government  imprint,  are 
misleading  in  failing  to  show  how  they  are  derived,  and  certainly  give 
no  indication  of  the  legitimate  cost  of  cable  railway  construction 
under  any  usual  circumstances,  and  irrespective  of  the  value  of  muni- 
cipal franchises,  and  cost  of  absorbed  horse  railway  properties.  It  is 
true^that  the  actual  construction  account  will  vary  with  the  condi- 
tions of  location  and  alignment,  the  extent  of  the  equipment,  and  other 
causes,  but  the  more  usual  range  of  cost  should  be  between  the  limits 
of  8150  000  and  $250  000  per  mile. 

These  figures  are  significant  so  far  as  they  bear  on  the  question  of 
probable  net  earnings,  and  indicate  an  addition  to  the  operating  ex- 
pense per  car  mile  of  from  2£  to  4£  cents,  under  almost  all  conditions, 
with  a  service  not  materially  less  than  1  000  car  miles  per  mile  of 
double  track  daily.  It  is  true  that  there  are  cable  roads  which  have 
cost  somewhat  more  to  build  and  a  great  deal  more  to  operate  than 
those  the  writer  has  referred  to,  but  to  reach  conclusions  upon  the 
svsteni  it  is  proper  to  consider  only  such  as  have  been  built  without 
entanglement  with  construction  companies,  or  incompetent  engineer- 
ing, and  which  have  been  run  with  a  reasonable  amount  of  skill  and 
economy. 

An  analysis  of  the  affairs  of  cable  roads  which  have  been  skillfully 
designed  to  meet  the  conditions  of  city  traffic,  with  a  view  to  the 
results  of  a  long  investment,  and  which  are  being  intelligently  operated, 
will  usually  develop  figures  of  cost  for  doing  the  work  so  low  that  the 
popular  statements  as  to  expense  of  cables  and  extravagant  use  of 
power  cannot  well  be  sustained. 

It  is  to  be  regretted  that  the  interests  of  the  owners  of  street  rail- 
ways usually  require  that  their  affairs  should  not  be  made  a  matter  of 
public  information,  as  otherwise  facts  of  great  interest  and  value  could 
lie  readily  collated  bearing  on  the  details  of  their  operations.  There 
has  been  sufficient  experience  howevers  to  take  the  consideration  of 
cable  roads  as  business  pnqiositions  out  of  the  region  of  conjecture, 
and  to  enable  the  engineer  to  make  a  reasonably  correct  forecast  of 
cost,  traffic  and  operating  expense. 
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TUBERCULATION   IN  WATER  PIPES— DISCUSSION 
ON  PAPER  No.  575.* 


By  Charles  B.  Brush,  John  Bogart,  William  Barclay  Parsons,  H.  W. 
Brinckerhoff,  William  Metcalf,  William  R.  Hittton,  L.  L. 
Tribus,  F.  Collingwood,  Desmond  FitzGerald,  Charles  C.  Hop- 
kins, Mansfield  Merriman,  Dexter  Brackett,  John  C.  Trautwine, 
Jr.,  C.  W.  Sherman  and  James  Duane. 


Charles  B.  Brush,  M.  Am.  Soc.  C.  E. — Mr.  President,  the  paper 
certainly  lias  the  merit  of  being  concise  and  to  the  point.  Mr.  Duane 
has  told  us  in  few  words  what  he  has  to  say.  The  conclusion  he  has 
reached,  that  after  11  years  of  service,  a  water  main  properly  coated 
with  tar  is  free  from  tuberculation,  coincides  with  my  own  experience. 
I  have  had  occasion  during  the  past  year  to  make  several  examinations 
of  such  coated  water  mains,  21,  20  and  14  ins.  in  diameter,  that  have 
been  in  constant  use,  and  1  have  found  little  or  no  indication  of  tuber- 
culation on  the  inside  of  the  main.  I  believe  that  the  general  experi- 
ence will  be,  that  in  waters  of  the  class  corresponding  to  the  Croton, 

*"The  Effect  of  Tuberculation  on  the  Delivery  of  a  48-in.  Water  Main."  By  James 
Duane,  M.  Am.  Soc.  C.  E.    Vol.  XXVIII,  p.  27. 
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that  this  result  will  obtain.  Consequently  I  do  not  think  we  need 
fear  very  much  effects  of  tuberculation  on  properly  coated  mains,  at 
any  rate  until  after  a  much  longer  period  than  10  years. 

I  remember  another  main  that  I  have  examined  during  the  last 
year  that  has  been  in  service  about  20  years  ;  that  was  also  coated  with 
tar  in  the  usual  way,  and  was  free  from  tuberculation.  The  use  of 
water  pipe  not  coated  with  tar  is  now  practically  obsolete  ;  I  do  not 
know  of  any  case  where  it  is  being  used,  and  certainly  such  use  would 
not  be  wise. 

It  may  be  out  of  place,  perhaps,  to  refer  at  this  point  to  another 
matter  which  is  suggested  by  this  paper,  and  that  is  the  fact  that 
after  the  Aqueduct  is  brought  down  to  a  certain  point  in  masonry,  it  is 
carried  beyond  that  point  in  iron  pipes.  I  think  most  of  us  have  seen 
how  this  is  done.  There  are  half  a  dozen  or  more  48-in.  pipes  laid 
parallel  to  each  other,  and,  for  a  considerable  distance,  the  main  sup- 
ply of  the  city  is  carried  through  these  pipes  lying  close  to  each  other. 
The  result  of  a  break  on  cne  of  those  lines  might  lead  to  very  serious 
results  to  the  City  of  New  York,  and  it  has  always  been  a  surprise  to 
me  that  those  mains  were  not  carried  through  different  streets,  so  that 
a  breakage  in  one  might  not  lead  to  a  breakage  of  the  others  alongside 
of  it.  I  do  not  know,  however,  that  that  has  anything  to  do  with 
tuberculation. 

The  paper  is  very  interesting  in  relation  to  the  loss  in  carrying 
capacity  of  the  pipe  by  reason  of  tuberculation.  I  am  a  little  sur- 
prised at  the  large  results  that  seem  to  have  been  reached  by  the 
author,  in  the  reduction  of  the  capacity  of  the  pipe.  I  do  not  think 
the  paper  clearly  indicates  either  the  proportionate  area  of  the  pipe 
that  was  affected  by  tuberculation,  nor  how  much  tuberculation  pro- 
jected from  the  face  of  the  pipe.  The  result  was  certainly  larger  than 
I  should  have  expected.  The  statement  that  the  leakage  from 
these  pipes  was  practically  nothing  indicates  the  fact  that  the 
author  allowed  nothing  for  leakage.  I  fear  that  the  leakage  from 
mains  is  very  much  greater  than  generally  supposed.  The  theory 
that  leakage  from  the  main  can  be  determined  by  the  fact  that 
no  leakage  appears  on  the  surface  of  the  ground,  I  have  long  since 
found  fallacious.  Very  much  the  worst  leakage  that  I  have  had  the 
misfortune  to  be  obliged  to  provide  against  never  appeared  on  the 
surface  of  the  ground  at  all.      I  have  had  a  number  of  instances  of 
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mains,  where  I  felt  sure  that  they  were  tight,  as  far  as  any  visible 
evidence  to  the  contrary  could  be  determined,  and  yet  I  knew  those 
mains  leaked,  and  I  knew  it  because  I  knew  the  amount  of  water  that 
was  delivered  from  them,  and  the  amount  of  water  that  was  put 
into  them.  The  difference  was  very  considerable.  I  have  deter- 
mined that  in  several  ways.  I  have  determined  it  by  filling  a  long 
main  and  shutting  the  gates  and  then  finding  that  the  water 
receded  in  the  main.  I  also  found  it  by  taking  the  sum  total  of  all 
the  meter  readings  from  the  main  and  the  amount  of  water  put  into 
it,  and  the  difference  was  always  the  wrong  way.  I  should  not 
be  surprised  at  all  to  find  that  there  was  a  considerable  leakage  in  the 
main  under  discussion,  and,  if  there  was,  it  reduces  the  percentage  of 
loss  as  stated  by  the  author  in  his  paper.  I  am  bringing  this  up  as 
part  of  the  discussion,  because,  if  water  leaked  from  the  main,  that 
would  account  in  part  for  the  differences  he  finds  in  his  results.  In 
the  old  main  the  leakage  was  probably  a  great  deal  more  than  in  the 
new  one. 

John  Bogakt,  M.  Am.  Soc.  C.  £. — Mr.  President,  in  connection 
with  what  Mr.  Brush  has  said  as  to  the  unexpected  in  leakage  of 
water  mains,  I  had  the  opportunity  of  observing  an  instance  a  number 
of  years  ago.  It  was  in  the  water  distribution  of  the  Central  Park  of 
the  City  of  New  York,  which  is  an  entirely  separate  distribution  from 
that  of  the  general  city  water  supply.  At  one  part  of  the  Park  it  was 
very  plain  that  there  was  a  lack  of  pressure  and  of  delivery  from  the 
hydrants  from  what  ought  to  have  been  the  case  had  the  pipe  been  in 
perfect  condition.  There  was  no  indication  of  leakage  at  the  surface 
of  the  ground,  although  the  probability  of  surface  indication  in  the 
Park  was  generally  as  great  or  greater  than  would  be  the  case  in  city 
streets.  The  pipes  were  largely  laid  under  the  grass  surfaces  at  the 
sides  of  the  roads,  and  any  leak  would  be  apt  to  declare  its  existence 
by  a  settlement  of  the  ground,  even  though  the  water  might  not  ap- 
pear at  the  surface.  The  matter  was  bothersome  and  troublesome,  but 
I  could  not  locate  the  point  of  failure.  At  about  that  time  it  became 
necessary  in  the  improvement  of  the  Park  to  cut  through  one  of  the 
main  drives  for  the  purpose  of  building  a  new  footway  arch.  At  this 
place  the  original  construction  had  been,  as  we  found,  a  filling  of  loose 
rock;  and  where  the  pipe  passed  over  this  filling  we  found  the  leak, 
with  a  stream  running  out  of  the  water  pipe  perhaps  J  in.  in  diameter. 
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The  water  went  down  through  this  loose  rock  filling  and  passed  into 
the  lower  park  lake,  and  that  leak  had  existed  nobody  knows  how 
many  years. 

That  is  one  example  which  shows  the  possibility  of  the  existence 
of  leaks  without  indications  on  the  surface  of  the  ground,  and 
with  little  probability  of  discovery  except  by  uncovering  the  pipe  or 
by  tests  of  pressure  or  quantity  delivered.  That  pipe  was  not  a  cast- 
iron  main,  but  one  of  the  pipes  which  had  been  originally  laid  in  the 
construction  of  the  Park,  a  wrought-iron  pipe  with  cement  coating  in- 
side and  out.  It  may  be  of  interest  to  say  that  the  place  where  the 
water  came  through  the  inside  lining  of  cement  was  some  dis- 
tance from  the  place  where  the  water  finally  worked  through  the 
wrought-iron  pipe,  and  that  was  some  distance  from  the  place  where  it 
finally  got  through  the  outside  covering  of  cement. 

I  want  to  add  a  word  to  what  Mr.  Brush  has  said  in  commendation 
of  the  paper  under  discussion.  It  seems  to  me  that  the  examination  of 
this  tuberculous  deposit,  and  the  description  of  it  as  given  by  Mr. 
Duane,  is  of  great  value  to  all  of  us,  and  we  ought  to  be  very  glad  to 
have  this  kind  of  practical  paper,  showing  actual  experience  and  ob- 
servation in  just  such  instances;  we  don't  have  enough  of  them. 

William  Babclay  Parsons,  M.  Am.  Soc.  C.  E. — This  question  of  the 
loss  of  head  through  tuberculation  or  other  roughness  on  the  interior 
surface  of  pipes  is  an  old  one,  but  it  is  well,  occasionally,  to  have  our 
attention  called  to  some  of  these  old  principles,  especially  by  such  a 
carefully  Avorked-out,  concrete  example.  The  loss  of  flow  is  not  due 
to  the  diminished  diameter  of  the  pipe,  but  to  the  eddies  that  are 
formed  by  the  particles  of  water  impinging  against  the  projections, 
and  thus  being  deflected  into  the  main  stream  and  disturbing  the  even 
direct  flow  of  other  particles  at  a  considerable  distance  from  the  sides. 
This  tendency  to  eddy  is  far  greater  than  one  would  suppose,  unless 
attention  had  been  called  to  it  by  actual  experience. 

Some  time  since,  I  had  occasion  to  construct  a  basin,  with  a  varying 
cross-section,  through  which  water  was  to  flow  with  a  minimum  of  im- 
pediment, and  where  eddying  would  be  fatal  to  the  purpose.  I  found 
that  although  dealing  with  a  smooth  surface,  like  new  tin,  that  a  very 
slight  change  in  the  curves  forming  the  bottom  and  sides  of  the  basin 
would  make  an  extraordinary  difference  in  the  results. 

At  the  present  time,  it  may  be  said  that  no  east-iron  pipe  is  laid 
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uncoated;  but  it  does  frequently  happen  that  an  engineer  is  called 
upon  to  deal  with  lines  of  old  pipe,  and  then,  unless  he  bears  in  mind 
the  effect  of  tuberculatum,  he  will  be  seriously  disappointed  in  deliv- 
ery. As  a  case  in  point,  I  was  recently  called  in  to  extend  a  small 
water-works  system,  built  a  few  years  previous.  The  force  main  was 
a  3-in.  wrought- iron  pipe.  I  found  that  the  frictional  resistance,  as 
shown  by  the  pressure  gauge  on  the  pump,  was  41  lbs.,  while  accord- 
ing to  the  formula  for  clean  pipes,  it  should  have  been  14  lbs.  The 
loss  due  to  tuberculation  was,  therefore,  27  lbs.,  or  nearly  200,%'  of 
that  due  to  ordinary  condition.  Wrought-iron  pipe,  however,  rusts 
much  faster  than  cast  iron. 

I  had  an  opportunity,  some  few  years  ago,  to  examine  a  cast-iron 
main  that  had  been  laid  something  like  30  years,  and  the  coating  inside 
of  it  was  apparently  as  perfect  as  any  new  pipe  that  I  had  ever  seen. 
The  coating  was  smooth,  clean  and  unbroken,  and  that  pipe  had  seen 
continuous  service  during  that  time. 

H.  W.  Beinckebhoff,  M.  Am.  Soc.  C.  E. — As  an  illustration  of  how 
large  leaks  may  exist  undiscovered  in  water  pipes,  I  would  mention 
that  in  putting  in  the  tracks  of  the  Broadway  Cable  Road  on  Seventh 
Avenue  we  had  to  remove  a  portion  of  what  had  been  a  water  pipe, 
which  was  considerably  tuberculated.  It  had  been  broken  square 
across,  apparently  for  a  long  time,  as  the  edges  were  rusty,  but  no  leak 
appeared  on  the  surface.  I  do  not  remember  what  its  diameter  was. 
Do  you  remember,  Mr.  Carr?     You  can  tell  us  more  about  it. 

Albeet  Case,  Assoc.  M.  Am.  Soc.  C.  E. — It  was  a  6-in.  pipe.  I  don't 
know  how  long  it  had  been  down.  The  pipe  was  laid  on  a  miserable 
rock  rilling,  the  cast-iron  pipe  right  down  on  it ;  large'  pieces  of  rock 
had  been  dumped  into  the  trench.  We  found  some  pipe  broken  square 
across,  and  apparently  no  leak;  nobody  had  known  anything  about  it. 
There  was  a  12-in.  sewer  trench  filled  with  this  same  sort  of  filling, 
and  the  water  had  a  good  chance  to  get  away. 

William  Metcalf,  M.  Am.  Soc.  C.  E. — There  may  be  some  other 
members  as  ignorant  on  this  subject  as  the  Chair;  would  somebody 
who  is  well  informed  explain  the  cause  of  the  tuberculation  ?  Is  it  from 
the  misting  of  the  pipes  or  from  deposit  of  the  water?  Will  Mr.  Brush 
enlighten  us  '? 

Mr.  Beush. — My  impression  is,  from  the  deposit  of  the  water;  the 
rusting  forms  a  nucleus,  and  then  the  deposit  forms  around  it;    My  con- 
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elusion  is  that  the  failure  of  wrought-iron  pipes  is  very  much  more 
rapid  than  that  of  cast  iron,  as  has  been  stated  by  Mr.  Parsons.  That 
occurs  more  rapidly  in  ordinary  black  iron  than  in  any  other;  for  that 
reason  it  is  not  desirable  to  be  used  as  a  service  pipe.  The  sediment 
in  the  water,  as  soon  as  the  rust  commences,  begins  to  form  around 
the  rusty  places,  and  it  is  surprising  how  soon  a  wrought-iron  pipe  will 
close  entirely.  In  order  to  avoid  that  I  have  used  galvanized  iron,  but 
the  difficulty  is  that  when  it  commences  to  go,  it  goes  sooner  than 
black  iron;  there  seems  to  be  a  galvanic  action,  and  the  pipe  seems  to 
rust  away  very  rapidly. 

There  was  a  process  in  use  here  a  few  years  ago  that  was  called 
the  "Rustless  Process."  I  have  used  that  quite  frequently,  and,  at 
first,  with  excellent  results.  I  have  laid  the  pipe  along  the  top  of 
banks  of  reservoirs,  and  there  was  no  sign  of  rust  at  all.  I  did  that  for 
one  season,  but  I  found  that  in  putting  the  pipe  together,  the  grip  of 
the  pipe  tongs  injured  the  coating,  and  then  the  pipe  commenced  to 
rust.  That  was  remedied  by  putting  on  a  preparation  that  answered 
the  purpose  very  nicely.  I  found,  however,  that  after  two  or  three 
years  of  use  that  pipe  corroded  on  the  iuside  just  as  badly  as  black 
iron  did,  and,  therefore,  what  I  thought  was  a  very  valuable  prepara- 
tion for  the  use  of  wrought  iron,  I  have  found  since  by  experience  to  be 
not  so  valuable.  I  do  not  think  there  is  any  preparation,  except  the 
tar  coating,  that  will  prevent  tuberculation.  I  do  not  suppose  that 
will  2>revent  it  forever,  but  it  does  so  to  a  greater  degree  thau  any 
other  preparation  we  have.  So  far  as  the  two  pipes,  wrought  ami 
cast  iron,  are  concerned,  the  cast  iron  resists  tuberculation  better  than 
wrought. 

The  protection  of  water  mains  from  leakage  is  one  of  the  questions 
we  could  talk  a  long  time  about.  One  of  the  most  peculiar  cases  that 
has  come  under  my  observation  was  that  of  a  main  which  had  been  laid 
about  20  years.  Although  the  main  was  12  ins.  in  diameter,  the  pres- 
sure was  not  very  great.  Suddenly  there  was  a  break,  and  the  supply 
of  the  town  was  cut  oft*.  We  shut  the  gates  and  found  t Hat  a  root  from 
a  tree  had  gradually  enlarged  until  it  forced  the  pipe  up  and  broke  it. 
The  pipe  was  broken  square  across.  In  two  or  three  instances,  where 
leaks  have  taken  place,  it  has  taken  our  people  a  long  time  to  find 
them.  In  crossing  a  culvert,  if  the  pipe  happens  to  be  submerged  or 
a  little  out  of  sight,  the  water  can  be  running  a  long  time  before  the 
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leak  is  discovered.  In  one  case  the  leak  was  so  great  that  we  lost  our 
pressure  entirely,  and  it  took  us  about  ten  hours  before  we  could  find 
our  leak;  and  finally,  when  we  found  it,  the  water  appeared  fully  500 
ft.  from  the  pipe.  The  leak  had  taken  place  under  the  frozen  crust 
and  had  got  out  into  the  stream  and  was  not  noticeable.  It  was  a  small 
river  that  was  flowing  there,  and  we  did  not  know  of  it  until  a  farmer 
came  in  and  said  his  hencoop  was  being  drowned  out. 

There  was  a  case  at  a  river  crossing  where  we  used  the  very  best  pipe 
that  I  knew  of  for  that  purpose,  a  ball-and-socket  pipe  which  is  known  as 
the  Ward  joint,  which  accommodates  itself  to  the  inequalities  of  the  bot- 
tom of  the  river.  For  a  longtime  we  knew  there  was  a  leak  in  the  main, 
but  could  not  find  it.  The  water  was  14  ft.  in  depth.  There  was  no  indi- 
cation on  the  surface  at  all,  but  from  our  draft  we  knew  we  were  losing 
easily  about  1  000  000  galls,  a  day,  until,  all  of  a  sudden,  we  lost  every- 
thing. Then  we  found  there  had  been  a  stream  there  that  had  scoured 
out  the  bottom  of  the  river,  and  that  the  pipe  had  held  together  until 
iron  met  iron,  and  then  the  bell  had  snapped  off  and  the  whole  thing 
separated.  I  knew  for  two  months  before  that  break  took  place  that 
there  was  a  leak,  but  I  could  not  locate  it  until  it  located  itself;  and  I 
am  perfectly  confident  that  a  large  portion  of  what  we  call  "  waste  "  is 
leakage  from  mains.  By  that  I  do  not  mean  to  discredit  the  consumers' 
waste  at  all,  which  is  enormous  ;  but  there  is  a  large  portion  of  what 
we  know  as  waste,  the  difference  between  the  amount  of  water  put  in 
the  pipes  and  the  water  we  receive  from  our  pipes,  that  gets  out  of  the 
mains  without  our  knowledge,  and  it  is  a  problem  to  locate  it;  it  usu- 
ally locates  itself. 

William  E.  Hutton,  M.  Am.  Soc.  C.  E. — Tubercles  are  formed 
almost  entirely  by  chemical  action,  although  in  some  of  the  European 
water  pipes  calcareous  tubercles  are  found.  They  are  not  usually 
formed  in  hard  waters.  The  effect  of  tubercles  in  diminishing  the  dis- 
charge is  owing  not  so  much  to  the  reduction  in  the  size  of  the  pipe  as 
to  the  resistance  to  flow  caused  by  the  roughening  of  the  surface,  and 
the  percentage  of  loss  will  vary  with  the  degree  of  roughness.  Darcy's 
extensive  experiments  upon  the  pipes  of  Paris  and  Dijon  led  him  to 
conclude  that,  in  a  general  way,  the  loss  is  about  33  per  cent. 

Mr.  Bkush. — The  reason  I  thought  the  percentage  was  high  was 
because,  after  I  had  been  running  our  mains  for  about  one  or  two 
years,  I  found  that  I  was  not  getting  the  amount  of  water  that  I  ex- 
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pected  to  receive,  and  attributed  it  to  tuberculation  ;   I  found  that 
much  of  it  was  due  to  leakage  from  the  mains. 

Mr.  Hutton. — In  open  channels,  the  coefficient  dependent  upon 
roughness  will  vary  from  130  down  to  50. 

L.  L.  Tribus,  Assoc.  Am.  Soc.  C.  E. — I  have  had  opportunity  for 
observing  this  tuberculation  during  the  recent  removal  of  a  wrought  - 
iron  stand  pipe  some  20  ft.  in  diameter  by  80  ft.  in  height.  It  had 
been  in  constant  use  for  about  eight  years  under  a  very  variable 
daily  service,  being  for  a  few  hours  very  full  of  water,  and  then 
rapidly  lowered  to  within  15  ft.  of  the  bottom.  The  quality  of  the 
water  was,  during  the  flood  season  in  the  river  from  which  the  supply 
was  taken,  very  soft  ;  during  the  summer  and  autumn,  in  the  low- 
water  stage,  very  hard.  That  portion  of  the  stand  pipe  always  full  of 
water  showed  very  few  tubercles,  and  also  that  near  the  top,  which 
was  in  contact  for  but  a  short  time  daily. 

These  tubercles  in  the  intervening  portion  were,  in  appearance,  as 
Mr.  Duane  has  described,  from  £  to  |  in.  in  diameter  at  their  bases, 
from  i  to  i  in.  in  height,  and  shaped  like  a  hollow  cone,  or  mud-wasp 
nest.  A  slight  jar  served  to  detach  most  of  the  tubercles,  and  ex- 
hibited a  pitted  condition  of  the  iron  underneath,  clearly  showing  a 
chemical  action  rather  than  a  sedimentary  deposit  from  the  water  ; 
further  evidenced  by  the  lesser  number  of  tubercles  in  the  lowest 
part  of  the  stand  pipe,  where  sedimentary  matter  was  abundant. 

Mr.  Brush. — I  think  in  every  case  where  we  find  this  tuberculation 
we  will  find  pitting  of  the  iron,  just  as  Mr.  Tribus  stated.  I  think 
that  invariably  occurs.  My  theory  was  that  rusting  took  place  first 
and  then  tuberculation  commences  there  afterwards. 

Mr.  Brinckerhoff. — I  want  to  ask  Mr.  Brush  if  any  chemical  analy- 
ses of  the  tubercles  have  been  made.     What  are  they  made  of  '? 

Mr.  Brush. — I  do  not  know  of  any,  sir.  I  have  found  so  little  in 
my  experience  that  I  have  not  found  it  necessary  to  make  the  examin- 
ation. 

Mr.  Hutton. — There  have  been  some  made. 

Mr.  Brinckerhoff. — The  difficulty  that  you  speak  of  in  Ward's 
patent  joint  has  since  been  obviated,  so  that  the  pipe  will  hold  together 
without  breaking,  even  if  there  is  no  packing. 

Keferring  to  the  so-called  "rustless"  iron,  I  heard  of  a  case  in 
which  a  pretty  large  piece  of  work  was  done  with  it  in  piping  a  private 
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residence,  and  it  was  found  that  it  rusted  very  badly.  The  trouble 
seemed  to  be  that  the  coating  of  black  oxide  was  practically  inelastic, 
and  that  the  strains  to  which  the  pipes  were  subjected  in  shipping  and 
handling  cracked  the  oxide  both  inside  and  outside.  The  coating- 
seems  to  be  an  excellent  protection  as  long  as  it  is  intact,  but  it  does 
not  yield  at  all  and  the  least  bend  destroys  its  integrity. 

F.  Collin gwood,  M.  Am.  Soc.  C.  E. — I  would  like  to  ask  Mr.  Brush 
whether  it  makes  any  difference  as  to  the  hardness  of  the  cast  iron — I 
think  Mr.  McAlpine  once  stated  that  the  best  iron  for  resisting  salt 
water  was  the  hard  white  iron — whether  there  would  be  any  difference 
in  the  various  kinds  of  cast  iron  in  this  case  '? 

Mr.  Bkush. — I  do  not  think  it  is  desirable  to  use  hard  cast  iron  in 
water  pipes.  I  would  much  prefer  softer  iron.  A  practical  considera- 
tion, also,  in  the  laying  of  the  pipe  requires  the  use  of  a  soft  iron. 
Where  cutting  is  needed  for  making  connections,  a  hard,  brittle  iron 
would  be  not  only  unsuitable,  but  unsafe  to  tamper  with,  while  the 
softer  grades  will  cut  readily  and  truly. 

Mr.  Metcalf,  M.  Am.  Soc.  C.  E. — I  would  suggest,  in  considering 
the  matter  of  the  rustless  iron,  whether  it  would  not  be  worth  while 
for  engineers  to  consider  the  effect  of  a  long-continued  red  heat  on  the 
iron  and  the  action  of  steam  applied  to  it  afterwards;  whether  it  is  not 
seriously  injured  in  structure  before  it  is  put  into  use. 

I  would  like  to  emphasize  the  remarks  of  Mr.  Bogart  in  regard  to 
this  paper.  There  can  be  no  question  that  practical,  short  papers  of 
this  kind  are  of  the  utmost  value.  I  wish  particularly  to  call  the  at- 
tention of  the  younger  members  to  this :  if  you  meet  anything  that  you 
do  not  understand,  write  it  out,  and  you  will  draw  out  the  experience 
of  the  older  members. 

Mr.  Bogakt. — Mr.  President,  what  you  have  said  encourages  me  to 
say  a  few  words  more.  That  water  pipe  coated  with  the  tar  prepara- 
tion is  decidedly  better  than  pipe  that  is  not  coated  with  it  is  a  fact 
which,  of  course,  engineers  know  pretty  well;  but  sometimes  it  is 
necessary  to  persuade  people  who  have  to  do  with  supplying  the  funds 
for  these  projects  that  such  a  pipe  is  best,  and  it  is  well  to  have  a  paper 
which  shows  that  by  actual  experimental  observation.  With  reference 
to  the  flow  of  water  through  these  pipes,  whether  it  may  be  of  the 
exact  percentage  resulting  from  the  observations  of  Mr.  Duane,  or 
whether  the  results  ought  to  be  modified  somewhat  by  the  possibility 
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of  leakage,  yet  the  comparison  of  the  flow  through  the  coated  pipe  and 
the  uncoated  pipe  is  of  great  value,  and  this  paper  may  lead  to  more 
careful  observations,  if  they  are  necessary,  in  just  such  instances,  and 
the  better  determination  of  the  additional  complications  which  sur- 
round the  subject. 

Desmond  FitzGerald,  M.  Am.  Soc.  C.  E. — The  subject  of  a  proper 
lining  for  a  cast-iron  main  is  a  most  important  one,  when  we  consider 
the  enormous  mileage  of  cast-iron  pipes  in  use  for  various  purposes. 

It  is  well  known  that  as  far  as  the  water-supply  question  is  con- 
cerned, there  is  a  vast  deal  of  difference  in  the  action  of  different 
waters  in  producing  tuberculation.  Some  waters  have  practically  no 
effect  on  a  cast-iron  pipe,  whether  it  be  coated  or  uncoated. 

The  Boston  water,  which  is  very  similar  to  the  Croton,  has  a  decided 
effect  on  a  cast-iron  pipe,  although,  happily,  the  tubercles,  after  a  cer- 
tain lapse  of  time,  do  not  increase,  as  stated  in  the  second  proposition 
at  the  end  of  Mr.  Duane's  paper.  The  third  "and  fourth  propositions 
should,  however,  be  received  with  caution,  if  not  suspicion.  Certainly 
such  propositions  cannot  apply  to  the  Boston  water. 

The  writer  has  found  tubercles  in  a  tar-coated  pipe  at  the  end  of 
one  year  after  laying.  Sometimes,  after  removing  a  tubercle  which  is 
just  beginning  to  grow,  the  lining  will  be  found  to  be  intact  under- 
neath, as  far  as  the  eye  can  discern;  probably  some  microscopical  hole 
may  exist. 

If  some  one  can  bring  forward  a  practical  lining  which  will  be 
proof  against  tuberculation,  it  will  be  worth  a  great  deal  of  money  to 
the  water  works  of  the  City  of  Boston. 

Charles  C.  Hopkins,  M.  Am.  Soc.  C.  E. — In  1891  the  demand  for 
water  in  the  City  of  Rome,  N.  Y.,  made  necessary  the  removal  of  the 
water- works  force  main  from  the  pump  house  to  the  reservoir,  and  the 
relaying  of  a  larger  main.  The  old  force  main,  12  ins.  in  diameter,  laid 
in  1892,  extended  westwardly  from  a  valve  placed  within  the  pump 
house  ;  this  main  was  of  wrought  iron,  with  cement  lining  and  exterior 
coating,  except  a  short  portion  immediately  west  of  the  aforesaid 
valve,  which  was  of  cast  iron,  coated  at  the  pipe  foundry  in  the 
usual  manner  with  hot  tar.  Just  east  of  the  valve,  connecting  it  with 
the  pumping  machinery,  was  a  special  casting,  made  at  a  local  foundry 
and  without  the  hot-tar  coating,  and  possibly  with  no  coating  at  all. 
The  writer   was   unable  to  learn  from   the   firm  making   the   special 
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casting,  whether  the  latter  was  entirely  uucoated  or  only  painted,  as 
was  customary  at  their  foundry. 

The  removal  of  these  pipes,  after  18  years'  constant  service, 
showed  the  coated  pipe  entirely  free  from  incrustation  or  tubercula- 
tion  of  any  kind,  in  fact,  with  the  tar  coating  quite  perfect,  although 
probably  not  as  perfect  as  when  first  applied  ;  while  the  diameter  of 
the  special  casting  was  reduced  fully  f  in.  by  the  tubercles.  The 
tubercles  were  approximately  hemispherical  and  appeared  to  overlap 
each  other. 

The  water  for  the  city's  supply  is  pumped  from  the  Mohawk  River, 
and  at  the  pumping  station  is  soft,  having  but  2.5  to  3.0  grains  of  car- 
bonate of  lime  per  gallon. 

Mansfield  Merriman,  M.  Am.  Soc.  C.  E. — The  values  of  the  co- 
efficients for  the  second  experiment,  where  the  same  water  passed 
through  both  the  tuberculated  and  clean  mains,  can  be  compared 
without  knowing  the  quantity  of  water  discharged.  Let  C,  and  C2  be 
the  respective  coefficients,  /,  =  0.00035  and  I.,  =  0.00018  as  observed, 
A  =  area  of  cross-section  and  R  =  hydraulic  radius.     Then 

Q  =  ACX  Vrix  =  ac2  V~Rii, 

whence  C,  i/A  =  C2  V-4»  and  accordingly  C\  =  0.72  C:,  or  C,  =  1.40 
Ci  gives  the  ratio  of  two  coefficients. 

In  the  first  experiment,  the  value  C  =  96  for  the  tuberculated 
mains,  was  deduced  by  using  the  discharge  as  checked  by  the  flow 
through  the  Aqueduct  at  Sing  Sing.  In  the  second  experiment  there 
is  no  similar  check,  but  the  assumption  C,  =  96  for  the  old  main  brings 
out  C,  =  131  for  the  new  one.  The  velocity  of  flow  in  the  two  experi- 
ments was  not  the  same,  however,  and  this  might  make  a  variation  of 
several  per  cent,  in  C.  In  the  first  ease  the  velocity  was  2.1  ft.  per 
second,  in  the  second  it  was  1.65  ft.  per  second.  According  to  the 
curves  derived  by  Hamilton  Smith,  Jr.,  M.  Am.  Soc.  C.  E.,  in  his 
thorough  study  of  the  subject,  the  coefficients  for  clean  pipes  cor- 
responding to  these  velocities  are  131  and  127  respectively  instead  of 
134.  If  these  be  correct,  the  coefficient  for  the  tuberculated  pipe  for 
velocity  1.65  ft.  per  second  should  be  91  instead  of  96.  Perhaps  it 
may  yet  be  possible  to  obtain  the  record  of  flow  through  the  Aqueduct 
at  Sing  Sing  on  the  date  of  the  second  experiment,  and  thus  determine 
better  values  of  C,  and  C.:. 

The  tuberculation  in  this  case  was  sufficiently  marked  to  produce 
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a  reduction  in  cross-section  and  hydraulic  radius,  which  alone  would 
probably  diminish  the  discharge  nearly  2  per  cent.  The  paper  forcibly 
illustrates  the  marked  influence  of  deterioration  of  surface  in  check- 
ing the  flow,  and  the  great  value  of  interior  coating  in  preventing 
tubercles. 

Dexter  Brackett,  M.  Am.  Soc.  C.  E. — All  of  the  pipes  laid  in 
Boston  from  1848  to  1868,  with  the  exception  of  a  few  hundred  feet, 
were  uncoated,  and  the  entire  inner  surface  of  these  pipes  is  covered 
with  tubercles  from  £  to  1  in.  in  thickness.  As  early  as  1852,  only 
four  years  after  the  completion  of  the  works,  the  late  Mr.  E.  S. 
Chesbrough,  M.  Am.  Soc.  C.  E.,  then  City  Engineer,  reported  that 
"  all  the  large  pipes  that  have  been  examined  have  been  partially  or 
entirely  covered  on  their  inner  surfaces,  some  with  detached  tubercles, 
varying  from  i  to  1\  ins.  base,  with  a  depth  or  thickness  in  the  middle 
of  from  £  to  f  in.,  and  some  entirely  to  an  average  depth  of  £  in., 
with  a  rough  coating  as  if  the  bases  of  the  tubercles  had  crowded 
together." 

The  experience  in  Boston  confirms  Mr.  Duane's  opinion  that  the 
growth  of  tubercles  in  an  uncoated  pipe  is  at  first  very  rapid,  but  that 
the  growth  practically  ceases  after  from  7  to  10  years. 

In  1866  I  made  some  experiments  to  determine  the  effect  upon  the 
discharging  capacity  of  4  and  6-in.  pipes,  of  removing  the  growth  of 
tubercles  by  means  of  a  mechanical  scraper.  The  pipes  were  cleaned 
in  a  manner  similar  to  that  described  by  E.  H.  Keating,  M.  Am.  Soc. 
C.  E.,  in  a  paper  "  On  the  Removal  of  Incrustation  in  Water  Mains  " 
(Transactions,  April,  1882).  The  scrapers  used  were  of  different  design 
from  those  used  by  Mr.  Keating,  but  the  method  of  operation  was 
practically  the  same. 

The  discharge  of  the  pipes  both  before  and  after  cleaning  was 
measured  by  means  of  a  Deacon  meter  ;  the  friction  head  was  deter- 
mined from  readings  of  Bourdon  gauges  attached  to  the  fire  hydrants. 
Very  great  accuracy  was  not  aimed  at  in  these  experiments,  and  they 
are  given  to  show,  in  a  general  way,  the  great  loss  in  discharging  capa- 
city caused  by  the  coating  of  tubercles.  The  following  tables  show 
the  results  of  the  experiments. 
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Tuberculated  pipe,  38  years  old.     Length,  629  ft  ;  original  diameter,  4  ins. 


Observed  head, 
i'eet  per  1  000. 

Velocity.    Feet 
per  second. 

Observed  dis- 
charge.   Gallons 
per  minute. 

Value  of  c  in 
lormula 

V  =  C  S/'lTl 

Calculated  dis- 
charge of  clean 
pipe  under 
same  head. 
Darcy's  formula. 
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48.70 
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These  experiments  show,  as  might  be  expected,  owing  to  the  small 
size  of  the  pipe,  a  much  smaller  value  for  C  than  was  obtained  by  Mr. 
Duane. 
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It  will  be  noticed  that  the  discharge  of  the  6-in.  tuberculated  pipes 
was  from  25  to  35%  of  the  quantity  which  a  clean  coated  pipe  might 
be  expected  to  deliver  under  the  same  head,  and  that  the  discharging 
capacity  of  the  pipe  was  more  than  doubled  by  the  removal  of  the 
tubercles.  The  4-in.  jnpes  show  an  even  greater  resistance  to  the 
flow,  and  a  head  of  25  ft.  was  required  to  deliver  the  same  quantity  of 
water  that  a  clean  pipe  would  furnish  under  1-ft.  head. 

By  means  of  the  scrapers  above  mentioned  the  tubercles  were 
removed  from  58  000  ft.  of  6-in.  pipe  at  a  cost  of  14  cents  per  foot, 
and  from  20  300  ft.  of  12-in.  pipe  at  a  cost  of  20.6  cents  per  foot. 
These  prices  include  5  cents  per  foot  royalty  paid  for  the  right  to  use 
the  scraper. 

My  observation  of  the  coated  pipes,  in  connection  with  the  works 
in  Boston  and  other  cities  in  Massachusetts,  leads  me  to  question  Mr. 
Duane's  conclusion  that  "a  properly  applied  tar  coating  is  an  absolute 
protection  against  tuberculatum, "  if  it  is  assumed  that  pipes  ordinarily 
furnished  by  the  manufacturers  have  the  coating  properly  applied. 
Coated  pipes  in  this  vicinity,  after  from  10  to  15  years'  use,  are  gen- 
erally pitted  to  a  greater  or  less  extent  with  tubercles. 

The  first  coated  pipes  used  in  Boston  were  of  Scotch  manufacture, 
and  a  few  hundred  feet  were  laid  to  determine  the  value  of  Dr.  Angus 
Smith's  coating.  In  1866,  after  eight  years'  use,  this  pipe  was  reported 
"to  be  as  free  from  rust  as  when  first  laid,"  but  on  a  second  examina- 
tion, in  1873,  it  was  found  that  tubercles  had  formed,  "about  half  the 
size  of  an  English  walnut,  and  very  evenly  distributed,  averaging  about 
20  to  the  foot." 

My  opinion  is  also  confirmed  by  the  results  of  some  experiments 
made  by  Mr.  F.  F.  Forbes,  Superintendent  of  the  Brookline  Water 
Works,  and  reported  in  the  Journal  of  the  New  England  Water 
Works  Association,  Vol.  6,  on  the  discharge  of  a  16-in.  tar-coated 
main  13  350  ft.  in  length,  which  had  been  in  use  18  years. 
These  experiments  give  values  of  Cas  follows: 

Velocity.  Observed  head.  Value  of  c  in  formula. 

Feet  per  eecoud.  Feet  per  1  000.  V  =  r  \/RI. 

1.15  0.459  92.7 

1.40  0.713  90.9 

1.70  1.011  92.6 

1.97  1.44  90.0 
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In  order  to  afford  complete  protection  against  the  growth  of  tu- 
bercles, the  tar  coating  must  be  an  absolutely  perfect  covering  on  the 
surface  of  the  pipe,  as  every  minute  hole  in  the  coating  forms  the 
nucleus  about  which  a  tubercle  is  sure  to  form,  and  it  seems  to  me  that 
more  attention  should  be  paid  to  the  details  of  the  composition  of  the 
tar  coating  and  to  the  method  of  its  application. 

John  C.  Trautwine,  Jr.,  Assoc.  Am.  Soc.  C.  E. — Mr.  Duane's record 
of  his  experiments  with  tuberculated  cast-iron  pipes  forms  a  valuable 
contribution  to  our  store  of  facts.  The  values  of  the  coefficient  n  of 
roughness  in  Kutter's  formula,  deduced  from  these  results,  are  ap- 
proximately: n  =  0.0112  for  the  clean  pipe  and  n  =  0.0154  for  the 
tuberculated  pipes.  The  former  value  corresponds  well  with  those 
usually  obtained.  The  latter  is  rather  low  as  compared  with  average 
values  obtained  from  other  experiments. 

In  Mr.  Duane's  paper  there  is  one  paragraph  to  which  I  am  con- 
sti'ained  to  take  exception.     It  is  this : 

"In  common  with  many  hydraulic  engineers  whose  sympathies  are 
rather  with  the  practical  than  the  theoretical,  the  writer  has  a  decided 
preference  for  the  single  formulas  of  flow  of  the  Chezy  type  over  the 
more  complex,  and  he  believes  not  more  accurate,  ones  of  Kutter, 
Weisbach  etal;  for  the  degree  of  accuracy  obtainable  from  any  formula 
is  dependent  on  the  ability  of  the  user  to  make  a  more  or  less  (usually 
less)  scientific  guess  at  the  value  of  a  modifying  coefficient  appropriate 
to  each  specific  case." 

Considering  how  long  Kutter's  formula  has  been  before  the  engi- 
neering profession,  and  how  extensively  it  is  to-day  employed,  it  is 
surprising  how  tenaciously  certain  misconceptions  prevail  respect- 
ing it. 

Four  of  these  erroneous  ideas  find  more  or  less  direct  expression 
within  the  narrow  confines  of  this  paragraph,  and  are  as  follows: 

First. — That  Kutter's  formula  is  intended  to  cover  the  same  ground 
as  the  Chezy  formula,  and  appears  as  its  competitor. 

Second. — That  Kutter's  formula  is  based  rather  upon  theory  than 
upon  practice. 

Third. — That  Kutter's  formula  fails  to  enable  the  user  to  make  a 
scientific  guess  at  the  value  of  the  modifying  coefficient  ajjjn-opriate  to 
each  specific  case. 

Fourth. — (By  implication  only.)  That  the  application  of  Kutter's 
formula  is  as  cumbersome  as  its  appearance  would  indicate. 
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Let  us  see  to  what  extent  these  four  articles  of  impeachment  are 
based  upon  fact. 

1st.  So  far  from  being  in  any  sense  a  rival  of  the  well-known  Chezv 


formula,  V  =  C  v/  R  I,  the  Kutter  formula  assumes  the  correctness  of 
that  expression  and  limits  itself  solely  to  the  determination  of  the  co- 
efficient C. 

2d.  Kutter's  formula  for  the  value  of  the  coefficient  G  in  the  Chezy 
formula  is  the  result,  not  of  abstract  theorizing,  but  of  a  care- 
ful comparison  of  all  available  and  reliable  data.  It  is  therefore 
purely  empirical,  and  in  the  highest  degree  practical  rather  than 
theoretical. 

3d.  Kutter's  formula  is  pre-eminently  adapted  to  enable  the  user  to 
make  a  guess,  not  only  more  scientific,  but  more  probably  correct,  than 
is  otherwise  possible,  at  the  value  of  a  modifying  coefficient  appropri- 
ate to  each  specific  case.  It  is,  I  think,  quite  safe  to  assert  that  if 
there  is  any  one  thing  in  the  literature  of  hydraulics  better  calculated 
than  another  to  aid  such  guessing,  it  is  that  monument  to  the  intelli- 
gent and  indefatigable  thoroughness  of  Mr.  Hering,  the  Table  No.  1  of 
our  translation  of  Kutter's  work.  This  table,  covering  90  pages,  con- 
tains the  results  of  "over  1200  gaugings,"  comprising  all  that  the 
most  diligent  search  could  bring  to  light,  and  ranging  from  small  glass 
pipes  0. 9  in.  diameter  up  to  a  brick-work  siphon  7. 5  ft.  diameter,  and  from 
3-ft.  semi-circular  channels  in  neat  cement  to  the  Mississippi  River. 
For  each  gauging  this  table  gives,  in  addition  to  other  data,  the  four 
values,  J",  C,  E  and  I  of  the  Chezy  formula,  together  with  Kutter's  co- 
efficient u  of  roughness. 

4th.  While  Kutter's  formula  for  the  value  of  C  in  the  Chezy  formula 
is  indeed  very  complicated,  it  must  be  borne  in  iniud  that  in  practical 
work  its  results  are  obtained,  not  by  arithmetical  computation  from 
the  formula  itself,  but  by  the  use  of  the  "Kutter  diagram,"  which  em- 
bodies that  formula.  Having  made  our  guess  at  n  from  Table  No.  1, 
and  having,  of  course,  from  the  data  of  the  case  the  values  of  I\  and  of 
/,  the  mere  stretching  of  a  cord  between  two  points  in  the  diagram 
gives  us  immediately  the  value  of  Chezy's  coefficient  ( ',  as  obtained  by 
Kutter's  formula.  Indeed,  by  means  of  an  addition  to  the  diagram, 
suggested  by  Mr.  Hering  in  Transactions  American  Society  Civil  En- 
gineers, January,  1879,  we  may  obtain  from  the  diagram,  by  a  second 
stretching  in  the  cord,  the  velocity  itself  by  Chezy's  formula,  with  the 
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value  of  G  determined  by  the  light  of  the  experiments  upon  which 
Kutter's  formula  is  based. 

In  short,  the  Kutter  formula,  as  embodied  in  the  diagram  by  which 
it  is  invariably  represented  in  practice,  is  nothing  more  or  less  than 
the  means  by  which  we  are  enabled  to  apply  the  Chezy  formula  with 
the  utmost  simplicity  and  with  the  highest  degree  of  probable  accu- 
racy at  present  attainable. 

C.  W.  Sherman,  Jun.  Am.  Soc.  C.  E. — This  is  a  paper  of  consider- 
able interest  and  value  to  hydraulic  engineers,  especially  as  it  shows 
the  value  of  a  good  coating  in  preserving  the  pipes.  I  think,  however, 
that  the  rapidity  of  tuberculation  in  uncoated  pipes  is  not  as  surpris- 
ing as  it  seemed  to  Mr.  Duane.  I  find  in  the  handbook  of  the  Addys- 
ton  Pipe  and  Steel  Co.,  the  following  statement:  "In  Boston,  cast- 
iron  pipes,  4  ins.  in  diameter,  became  closed  in  seven  years,  and  those 
of  much  larger  diameter  became  seriously  reduced  in  the  same  time." 
In  R.  D.  Wood  A:  Co.'s  handbook,  I  find  a  quotation  from  the  Report 
for  1852  of  the  City  Engineer  of  Boston,  relating  to  some  pipes  which 
had  been  exposed  to  the  flow  of  Cochituate  water  for  nine  years.  It 
reads:  "Some  of  the  pipes  were  covered  internally  with  tubercles 
which  measured  about  2  ins.  in  area  on  their  surfaces,  by  about  i  in. 
in  height,  while  others  had  scarcely  a  lump  raised  on  them." 

I  have  found  it  interesting  to  compute  from  Mr.  Duane's  data  the 

I     v2 
the  values  of  the  friction  factor  f  in  the  equation   h  =  f.  — .  -jr—  for  loss 

J  x  d     2y 

of  head  due  to  friction.  I  find — for  the  clean  pipe, /"=  .0146;  for  the 
tuberculated  pipe,  /=  .  0281 ;  bearing  out  very  closely  Darcy's  conclu- 
sion that  the  friction  is  doubled  by  these  formations  or  deposits. 

If,  however,  we  compare  these  figures  with  the  values  of  f  found 
from  Darcy's  formula — 

7=0.01991+  U00)66li 
(for  clean  pipes) 

we  have/=  .0146  from  the  experiments,  as  against /=  .0203  from  the 
formula.  But  it  is  cprite  likely  that  this  formula  is  slightly  in  error 
for  so  large  a  pipe.  Merriman's  "  Hydraulics  "  contains  a  table,  com- 
piled from  the  discussions  of  Fanning,  Smith  and  others,  from  which 
we  find  the  values  of/ for  clean  48-in.  pipes  as  follows: 

v  =     1  2  3     ft.  per  second. 

/=.017  .016  .015 
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or  slightly  larger  than  the  value  found  from  the  experiment  (in  which 
0  =  1.78). 

James  Duane,  M.  Am.  Soc.  C.  E.— Unfortunately  the  criticisms  on 
my  paper  on  Tuberculation  reach  me  at  a  specially  busy  time,  and  ac- 
companied by  a  request  from  the  Secretary  that  a  reply  be  returned  as 
speedily  as  possible.  Under  these  circumstances  it  will  be  impossible 
to  do  more  than  answer  the  most  salient  points  brought  out  by  the  dis- 
cussion. Replying  to  Mr.  Brush  and  others  who  urge  that  undiscovered 
leaks  of  considerable  magnitude  may  have  existed,  thus  throwing  sus- 
picion on  the  value  of  the  deductions  from  my  experiments,  I  would 
say  that  this  possibility  had  been  carefully  considered,  and  only  after 
a  thorough  personal  examination  was  the  statement  made  that  the 
leakage  in  this  special  case  is  believed  to  have  been  practically 
inappreciable. 

The  Tenth  Avenue  mains  were  laid  on  good  foundations  and  for 
nearly  their  entire  length  in  excavation,  only  a  very  small  portion  being 
laid  on  embankment,  which  had  been  carefully  prepared.  More  were  laid 
on  embankments  of  poor  material  or  loose  rock.  On  both  sides  of  these 
pipes  for  the  entire  distance,  and  but  a  few  feet  from  the  outside  lines, 
sewers  were  built  at  a  lower  level  than  the  bottoms  of  the  pipes.  It  is 
believed  that,  had  any  serious  leak  existed,  these  sewers  must  certainly 
have  intercepted  it.  A  careful  examination  of  the  sewers  during  a  dry 
spell  and  when  the  country  drained  was  but  sparsely  settled,  so  that 
the  natural  flow  into  them  was  of  the  lightest,  failed  to  show  any  leak 
of  importance— which  it  is  believed  could  not  have  failed  of  detection 
had  it  existed.  So  much  for  the  probable  leakage  in  the  general 
system. 

For  the  compound  main  that  furnishes  the  data  for  the  paper  under 
discussion,  even  more  satisfactory  evidence  of  non-leakage  is  fortun- 
ately available.  In  1890  this  main  was  shut  off  for  several  days  while  a 
connection  was  being  made  with  the  Aqueduct  at  Eighty-fifth  Street, 
and  during  this  time  the  Leakage,  as  determined  by  the  fall  of  the  water- 
surface  in  the  pipe,  was  rather  less  than  3  000  galls,  per  day  (a  very 
small  fraction  of  1  per  cent).  This  included  evaporation  from  three  water- 
surfaces.  As  the  actual  working  head  on  tin'  main  was  but  6  ft.  greater 
than  at  the  time  this  observation  was  made,  it  is  obvious  that  the  leak- 
age was  not  much  greater  at  the  time  when  the  flow  was  observed. 

The  gates  feeding  this  pipe  were  all  accessible  and  were  carefully 
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examined,  showing  no  appreciable  leakage  into  the  pipe.  Therefore  it 
would  seem  that  the  comparative  losses  of  head  due  to  friction  in 
the  smooth  and  rough  pipes  had  been  accurately  determined  and  were 
practically  reliable. 

Prof.  Merriman's  point  that  the  value  of  "  C"  should  vary  with  the 
velocity  seems  to  be  well  taken.  But,  with  all  due  deference  to  such 
eminent  hydraulic  authorities  as  himself  and  Hamilton  Smith,  it  is 
believed  that  the  actual  variation  was  less  than  he  seems  to  assume — 
well  within  the  2%  limit  set,  I  firmly  believe.  The  discharge  through 
these  mains,  as  observed  last  fall,  was  checked  by  the  flow  through  the 
Aqueduct  at  Sing  Sing,  but  no  statement  of  this  fact  was  made  in  the 
original  paper,  as  it  seemed  desirable  to  avoid  all  unnecessary  detail. 

Suffice  it  to  say  here  that  the  results  then  obtained  indicated  that 
the  old  value  C  =  96  still  applied  within  1  or  2  per  cent. 

The  statements  of  Messrs.  FitzGerald  and  Brackett  that  tar  coat- 
ing has  not  furnished  an  efficient  protection  against  tuberculation  in 
their  practice  seems  in  the  light  of  our  experience  here  to  be  a  little 
remarkable,  to  say  the  least.  We  have  coated  mains  that  after  thirty 
years'  use  show  no  signs  of  tuberculation  whatever,  and  of  the  many 
mains  examined,  of  all  sizes  from  6  ins.  to  6  ft.,  I  do  not  remember  a 
single  instance  of  tuberculation  in  a  tar-coated  pipe  where  the  surface 
had  not  been  carelessly  injured,  and  in  that  case  the  tuberculation  was 
confined  to  the  parts  from  which  the  coating  had  been  removed. 

Mr.  Trautwine's  admission  that  Kutter's  formula  for  the  value  of 
"  G"  in  the  Chezy  formula  is,  indeed,  very  complicated,  is  a  practical 
concurrence  with  the  opinion  expressed  in  the  original  paper. 

He  recommends  the  use  of  a  diagram  for  obtaining  the  value  of  "  C" 
after  having  made  our  guess  at  "  «."  That  users  might  make  a  correct 
guess  at  this  value  appropriate  to  a  badly  tuberculated  48-in.  main 
was  the  motive  that  prompted  the  presentation  of  this  paper  to  the 
Society,  and  it  is  hoped  that  all  other  members  having  similar  data  at 
command  will  submit  it  in  like  manner,  as  such  data  drawn  from 
observations  on  the  actual  workings  of  real  water  mains  in  active  use 
is  apt  to  be  far  more  satisfactory  than  is  much  of  the  data  from 
which  the  coefficients  in  our  present  formulas  have  been  deduced. 
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By  Fostek  Crowell,  H.  G.  Pkout,  O.  F.  Nichols,  H.  S.  Haines,  T.  H. 
Grant,  Theodore  Voorhees,  George  R.  Hardy,  C.  W.  Bradley. 
E.  E.  R.  Tratman,  Henry  Johnson  and  John  P.  O'Donnell. 


Foster  Crowell,  M.  Am.  Soc.  C.  E. — I  should  like  to  ask  Mr. 
O'Donnell  whether  in  England  there  are  any  of  what  we  call  automatic 
signals  apart  from  the  lever  systems  in  use  ? 

Mr.  O'Donnell. — There  is  now  being  placed  on  the  Liverpool  Over- 
head Electric  Railway,  on  the  Timmis  patent  system,  with  secondary 
current,  a  complete  system  of  electric  automatic  signals.  The  Board  of 
Trade  limits  the  experiments  of  railways  as  far  as,  or  rather  where,  the 
safety  of  the  people  is  concerned.  The  Fresh  Water  Railway  of  the 
Isle  of  Wight  is  fitted  up  with  automatic  signals.  When  General 
Hutchinson,  of  the  Board  of  Trade,  inspected  it,  he  ordered  the  system 

*  Railway  Signaling  as  Applied  to  Large  Installations,  by  John  P.  O'Donnell,  M.  *.  M.  E. 
Vol.  XXVII,  page  516. 
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taken  out,  and  it  has  not  since  been  restored.  The  prirnar  y  current  was 
then  used,  and  a  description  would  be  interesting.  Here  you  are 
rather  in  favor  of  the  use  of  the  automatic  pneumatic  system. 

H.  G.  Peout,  M.  Am.  Soc.  C.  E. — I  was  quite  interested  in  what  Mr. 
O'Donnell  said  about  the  economy  of  levers  that  he  had  introduced  at 
the  Waterloo  Installation.  It  has  been  one  of  the  special  points  with 
the  American  signaling  engineers  to  economize  levers,  and  they  claim 
that  in  recent  large  plants  that  have  been  put  in  they  have  been  able 
to  reduce  the  number  of  levers  very  much  below  what  would  have  been 
used  in  England,  there  being  a  like  amount  of  work.  That  is  done  by 
causing  one  lever  to  move  two  switches  in  a  cross-over  between  two 
cars;  or  in  causing  one  lever  to  unlock  the  switch,  move  it  and  lock  it 
again.  My  own  notion  has  been  that  our  signal  engineers  were  over- 
loading their  levers  and  were  overdoing  their  economy  in  that  direc- 
tion.    I  should  like  to  know  Mr.  O'Donnell's  opinion  on  that  subject. 

Mr.  O'Donnell. — I  have  made  it  a  special  object  to  follow  the  dif- 
ferent improvements  and  stages  of  investigation  in  this  country, 
although  I  have  never  been  here  before.  With  reference  to  the  re- 
marks of  the  last  speaker,  in  regard  to  unlocking  a  pair  of  switches, 
working  them  and  locking  them  again,  that  was  the  first  system 
adopted  by  English  railways.  That  you  will  find  on  the  majority 
of  foreign  lines,  and  especially  in  Ireland.  The  English  Board  thought 
the  operation  of  the  switch  should  be  distinct  from  its  locking,  the 
reason  being  that  if  the  rod  broke  there  is  one  chance  only;  the 
switches  would  not  be  locked  and  the  signal  might  be  lowered  and  the 
train  go  over  the  switch,  and  the  Board  of  Trade  says  that  if  the  rod 
operating  the  switch  breaks,  it  might  lie  off  the  wrong  direction,  or  be 
partly  moved  and  not  lie  right  for  either  track.  The  movement  in  the 
signal  box  is  sufficient  to  operate  the  lever.  This  is  not  a  case  that  is 
hypothetical,  because  many  such  an  accident  has  occurred  in  England. 

With  regard  to  selectors  as  fixed  on  the  ground,  they  are  not  prac- 
ticable; they  overload  and  are  not  a  saving.  The  selectors  used  at 
Waterloo  are  in  the  signal  cabin  fixed  under  the  tail  of  the  lever. 
There  are  only  six  gear  levers  in  the  236  at  Waterloo.  There  are,  I 
think,  150  levers  saved  by  their  adoption;  and,  apart  from  any  saving 
in  mechanism,  the  cost  is  greatly  lessened  and  also  the  distance 
through  which  the  levers  are  operated.  In  course  of  time  it  would 
mean  a  tramway  to  go  from  one  end  to  the  other.      Under  normal 
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conditions  only  four  operators  are  employed,  never  more,  and  at  cer- 
tain hours  but  two.  In  very  busy  hours,  from  9  to  11  a.m.,  or  from 
4  to  6  p.  m.  ,  when  the  people  are  going  to  the  city  and  returning  from 
it,  then  four  are  required. 

O.  F.  Nichols,  M.  Am.  Soc.  C.  E. — How  are  the  connections  made 
at  the  Waterloo  station,  by  pipes,  or  by  a  set  of  wires  ? 

Mr.  O'Donnell. — The  custom  is  to  operate  sets  of  wire.  If  you 
operate  the  signal  by  rod  and  take  out  the  lever,  you  can  hardly  expect 
the  signal  to  draw  back  200  or  300  ft.  of  rod.  The  Board  of  Trade  rule 
is  that  the  signal  must  be  operated  by  wire,  and  it  must  be  of  such  a 
nature  that  the  balance  arm  must  return  to  the  danger  attitude  in 
case  of  a  fracture. 

Mr.  Nichols. — On  many  important  lines — short  lines  running  a  great 
number  of  trains — the  difficulty  is  that  the  signal  stations  become  very 
long  and  difficult  to  operate  with  piping,  and  the  levers  become,  as 
Colonel  Prout  has  said,  very  much  overloaded.  Operating  a  long  line 
of  piping,  reaching  1  000  ft.  in  length,  is  not  easy  work  on  the  lever. 
On  the  other  hand,  there  are  instances  in  using  the  wire  system  of  the 
fireman  getting  out  of  his  cab  to  set  the  signal,  this  being  permitted 
by  the  slack  in  the  wire. 

Mr.  O'Donnell. — If  such  a  case  occurred  in  England,  if  an 
engine-man  left  his  engine  and  operated  the  switch,  he  would  lie  dis- 
missed. I  hope  the  Society  will  not  misunderstand  me  when  1  say 
that  condoning  any  operation  of  that  nature  is  very  severely  to  becon- 
demned.  We  do  not  allow  discretion  to  the  engine-man  at  all.  If  his 
signal  authorized  an  accident,  he  could  not  be  blamed  in  effecting  it 

Mr.  Nichols. — That  is  the  practice  on  the  best  lines  in  this  country. 

Mr.  O'Donnell. — I  thought  that  the  Train  Rule  Committee  >f  the 
Railway  Commission  was  especially  constructed  for  the  j >ui-] >< >^> ■  >t 
drawing  up  such  rules  as  would  place  engine-men  amen;il>le  to  punish- 
ment if  they  went  outside  of  them.  In  England  every  railway  official, 
from  the  general  manager  down  to  the  telegraph  operator,  has  a  booh 
of  rules  in  his  pocket  and  has  to  sign  for  them. 

Mr.  Nichols. — In  this  country  we  cannot  be  as  radical,  1  suppose, 
as  they  can  in  Great  Britain  and  some  other  countries  in  administering 
absolute  punishment  by  law.  Here  the  case  would  come  before  a  jury, 
and  a  man's  personal  appeal,  or  the  condition  of  his  family,  etc.,  ope- 
rate, and  the  man  escapes  scot  free.     In  England  the  punishment   is 
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more  certain  to  follow,  I  think.  There  is  a  growing  tendency  here,  I  be- 
lieve, to  have  strict  rules  laid  down  and  have  them  rigidly  enforced, 
and  leave  the  engineer  little  discretion  but  to  obey.  It  becomes  more 
and  more  necessary  that  the  man  in  the  tower  should  be  the  arbiter  of 
the  destinies  of  the  people  on  the  trains. 

The  various  interlocking  companies  in  this  country  are  very  well 
managed  and  generally  they  have  very  efficient  signaling  engineers  in 
their  employ.  One  of  the  difficulties  we  meet  in  dealing  with  these 
gentlemen  is  that  there  are  some  four  or  five  different  systems.  The 
Saxby  and  Farmer  machine  was  the  first  to  be  introduced  in  this  coun- 
try, and  growing  out  of  that  there  have  been  improvements  and 
changes  made  by  several  companies  which  have  led  to  the  use  of 
live  or  six  different  systems  of  interlocking  with  great  want  of  uni- 
formity in  constructing  and  handling  them. 

Mr.  O'Donnell. — We  have  gone  through  the  various|stages  in  Eng- 
land that  you  are  speaking  of.  We  are  in  a  more  fortunate  position 
in  reference  to  the  Board  of  Trade,  who  say  to  the  different  com- 
panies, "  We  want  that  result;  get  it  how  you  can,  so  long  as  it  satisfies 
our  requirements. "  We  invariably  insist  on  the  use  of  a  distant  signal. 
In  our  opinion  it  is  almost  the  most  important  signal  on  the  railway. 
It  is  the  only  one  that  can  be  passed  when  it  is  at  danger.  Whatever 
its  condition,  it  may  be  passed.  It  is  simply  an  indication,  890  yds. 
in  the  rear,  of  the  general  condition  of  the  home  signal.  The  distant 
signal  usually  rules  the  home  signal.  If  the  distanVsignal  is  in  a  safety 
attitude,  you  may  take  it  for  granted  that  the  home  signal  is  also  ; 
but  if  it  is  in  the  danger  attitude,  that  may  not  be  the  condition  of  the 
home  signal. 

Mr.  Nichols. — One  of  the  troubles  in  this  country  is  in  being 
obliged,  at  times,  to  allow  the  engineers  discretion  as  to  whether 
they  shall  pass  the  signal  or  not.  Having  the  distant  signal  the  same 
color,  or  allowing  an  engineer  to  pass  it  under  certain  conditions,  gets 
him  into  the  habit  of  thinking  he  may  pass  the  signal  at  any  time  with 
impunity.  I  think  the  tendency  in  this  country  is  to  abandon  the 
distant  signal  on  lines  requiring  rapid  movement  of  trains  in  which  two 
signals  at  the  danger  point  are  to  be  noted.  No  case  occurs  to  me 
when  the  same  color  is  used  for  the  signals.  I  think  a  different 
colored  light,  something  like  the  purple  light  used  in  the  shunting  sig- 
nal, should  be  used  for  distant  signals,  to  make  it  a  special  and  distinct 
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signal.  This  would  be  preferably  the  green  cautionary  signal  now  fre- 
quently used. 

Mr.  Prout. — I  really  believe  Mr.  Nichols  is  at  fault  in  that  respect. 
I  do  not  believe  there  is  a  case  in  the  United  States  of  a  distant  signal 
with  a  square  end  that  an  engine-man  is  allowed  to  pass.  A  distant 
signal  is  painted  green  and  has  a  fish-tail  end.  There  is  this  exception, 
which  may  have  misled  Mr.  Nichols  :  on  many  roads  it  is  the  custom 
to  protect  the  facing  points  by  signals  placed  some  way  in  advance  ; 
a  main  line  train  can  never  pass  the  signal  when  it  stands  at  danger, 
but  a  freight  train  destined  for  that  siding  may  go  slowly  by  and  take 
the  siding.  But  a  distant  signal,  painted  red,  which  a  trainman  is 
allowed  to  pass,  I  do  not  think  exists. 

Mr.  O'Donnell. — I  was  about  to  agree  with  the  remarks  of  Mr. 
Nichols  that  under  some  circumstances  the  distant  signal  is  an 
anomaly.  I  once  wrote  a  paper  in  which  I  pointed  out  that  such 
things  should  not  occur.  The  distant  signal  outwardly,  at  night,  so  far 
as  England  is  concerned,  is  the  same  as  the  home  signal  ;  unless  the 
engine-man  knows  his  location,  he  may  mistake  the  distant  for  the 
home.  In  this  country  the  distant  signal  is  fish-tail  and  is  painted 
green.  A  distinctive  character  should  be  given  by  day  and  night  to 
the  distant  signal.  The  giving  green  as  the  danger  position  by  day 
appears  to  me  to  be  more  in  accordance  with  the  special  attitude  of 
the  signal.  When  they  follow  that  out  by  night,  as  I  should  suppose 
they  should,  I  do  not  know,  I  imagine  they  would  give  a  green  light 
for  danger.  The  only  question  that  arises  is  that  they  use  green  for 
the  caution  or  safety  attitude  for  the  automatic  signals.  If  that  is  so, 
the  anomaly  then  comes  in  that  you  have  the  danger  position  for  the 
distant  signal  by  night  green  and  the  "all-right"  position  for  other 
signals  green.     I  think  Mr.  Haines  says  that  green  is  the  color. 

H.  S.  Haines,  M.  Am.  Soc.  C.  E. — Mr.  Chairman,  I  did  not  come 
here  to-night  expecting  to  hear  a  criticism  of  the  address  which  I 
made  at  the  recent  meeting  of  the  American  Railway  Association. 
These  remarks  were  not  intended  as  the  opinions  of  an  expert  on  block 
signals,  because  I  did  not  represent  myself  as  an  expert  in  such  mat- 
tors.  I  had  only  intended  to  point  out  the  dimmilties  which  our  stand- 
ing committees  have  experienced  in  discharging  the  duty  imposed 
upon  them,  of  compiling  a  book  of  rules  for  the  guidance  of  railway 
employes  in  the  operation  of  block  signals.     In  doing  that  I  had  to 
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keep  in  mind  the  restrictions  which  controlled  our  committees  in  com- 
piling these  rules.  They  are  the  same  limitations  which  were  im- 
posed on  us  in  preparing  the  book  of  standard  train  rules,  now  so 
generally  used  in  this  country;  that  is  to  say,  that  it  should  embody 
only  the  recognized  practice.  I  think  if  the  gentleman  will  keep  that 
in  mind  in  reading  over  the  remarks  to  which  he  has  referred,  he 
will  see  why  I  stated  the  subject  as  I  did.  For  us  to  attempt  to  operate 
our  roads  in  accordance  with  what  we  understand  to  be  the  rules 
established  by  the  Board  of  Trade  in  Great  Britain,  or  upon  the  lines 
estimated  in  the  gentleman's  remarks,  would  mean  bankruptcy  to 
some  of  the  railroad  companies  in  this  country;  many  of  them  could 
not  raise  the  money  to  provide  such  an  installation  as  would  be  neces- 
sary to  conform  to  those  requirements.  It  is  for  that  reason  that  I 
referred  to  the  time  interval  as  in  general  use  in  this  country,  and  the 
conditions  under  which  our  railroads  are  operated  are  such  that  it  is 
imperative  that  this  should  be  so.  It  is  only  in  the  vicinity  of  large 
centers  of  population,  where  the  train  service  is  frequent  and  conducted 
over  two  or  more  tracks,  that  such  expensive  installations  as  the 
gentleman  has  described  could  be  expected.  If  you  will  permit  me  to 
say  so,  the  interlocking  switch  system  is  one  thing  and  the  operation 
of  trains  on  the  main  line  under  block  signals  is  another,  and  the  rules 
that  we  are  now  seeking  to  prepare  in  our  Association  are  intended  for 
the  operation  of  trains  on  main  lines,  not  particularly  for  the  control 
of  interlocking  switch  systems  at  terminal  stations. 

Pardon  me  for  the  time  I  have  taken  in  making  this  explanation  of 
the  position  I  assumed  in  my  address.  I  would  add  that  I  have 
listened  to  the  gentleman  with  a  great  deal  of  interest. 

In  the  reference  that  he  made  to  my  remarks  about  distant  signals 
he  has  referred  to  interlocking  switch  systems  rather  than  to  the 
movement  of  trains  under  the  block  system  on  the  main  line;  but  if  the 
block  signal  is  visible  at  a  distance  sufficient  for  a  train  to  be  stop- 
ped before  passing  the  signal  which  is  at  danger,  then  a  distant  signal 
is  not  necessary  for  the  safe  operation  of  trains.  It  is  only  when  the 
block  signal  is  not  visible  at  a  sufficient  distance,  or  when  trains  are  so 
numerous  that  without  it  the  traffic  of  the  road  would  be  delayed, 
that  a  distant  signal  on  the  main  line  is  absolutely  necessary.  This 
has  been  accomplished,  I  should  say  successfully,  in  what  we  know  as 
the  pneumatic  automatic  system.     Anv  one  who  will  observe  that  sys- 
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tern  in  actual  use  will  see  bow  the  block  signal  in  one  block  is  used  as 
the  distant  signal  for  the  block  ahead.  I  learn  from  the  gentleman's 
remarks  that  in  England  that  system  does  not  meet  with  favor  with 
those  who  are  considered  authorities  in  such  matters,  but  that  pref- 
erence is  given  to  the  controlled  manual  system.  It  seems  to  me  that  in 
this  country  the  tendency  is  toward  an  automatic  system,  and  for  one 
reason  that  it  does  to  a  great  extent  eliminate  human  agency,  which  is 
an  advantage  in  the  operation  of  railroads  in  two  ways — that  it  mini- 
mizes the  opportunity  for  human  error,  and  that  it  materially  decreases 
the  cost  of  operating  a  system  of  block  signals. 

There  was  one  point  the  gentleman  touched  on,  to  which  I  Avish 
he  had  devoted  a  little  more  time,  and  that  is,  as  to  what  I  might  call 
the  preliminary  notifications  that  are  given  by  signal  in  an  extensive 
terminal  station  to  those  who  are  interested  in  knowing  what  the  next 
movement  is  to  be.  I  understood  him  to  say  that  the  system  of  signals 
in  the  installation  described  by  him  provided  for  an  intimation  to  the 
men  on  the  platforms  as  to  what  they  might  next  expect.  I  do  not 
understand  from  his  remarks  just  how  that  was  managed,  what  infor- 
mation was  conveyed,  and  by  what  means. 

I  would  make  one  point  more,  that  is,  as  to  a  uniform  system  of  sig- 
nals. The  gentleman  has  referred  to  the  fact  that  the  distant  signal, 
as  used  in  England,  is  somewhat  of  an  anomaly  because  it  requires  an 
engine-driver  to  pass  a  signal  set  at  danger.  Now,  one  trouble  which 
we  have  encountered  in  our  Association  in  preparing  a  set  of  rubs  is 
that  the  development  of  train  signals  has  proceeded  from  several  in- 
dependent centers,  and  they  have  not  followed  the  same  general  prin- 
ciples. As,  for  instance,  there  are  important  railroad  systems  in  this 
country  in  which  the  signal  for  "line  clear  "  is  the  green  lij^lit .  which 
on  others  is  either  a  cautionary  or  a  distant  signal.  I  mention  this  ;ts 
accounting  for  our  not  having  a  uniform  system  of  signals.  That  is 
something  very  desirable  to  attain,  and  which  I  supposed  had  been 
established  by  Government  authority  in  England.  If  attained  at  all 
in  this  country  it  must  be  by  concerted  action  of  the  railroad  com- 
panies, as  through  the  American  Railway  Association. 

I  was  also  interested  to  learn  that  there  was  no  such  thing  as  an 
absolute  block  system  in  England.  I  understood  the  gentleman  to  say 
that  they  permit  more  than  one  train  in  the  block  at  one  time.  If  that 
is  permitted  by  a  signal,  then,  under   the  ideas  that    are  beginning  to 
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prevail  with  us,  that  is  not  an  absolute  block  system.     Perhaps  I  mis- 
understood him. 

Mr.  O'Donnell. — What  I  said  in  my  paper  was  that  in  certain  cir- 
cumstances in  England,  the  permissive  block  system  is  used.  During 
April  there  occurred  in  New  York  the  Columbian  celebration.  I 
should  like  to  ask  the  railway  managers  in  this  country  whether  they 
maintained  the  absolute  block  system  in  bringing  the  people  into  the 
city  ?  The  answer  is,  they  did  not;  and  it  is  under  those  circumstances 
that  we  do  not  in  England.  I,  myseif,  maintain  that  a  railway  should 
be  conducted  for  the  safety  of  its  passengers  and  not  for  the  share- 
holders. The  permissive  block  system  is  used  only  on  such  days  as  the 
Derby  Day,  and  the  Oxford  and  Cambridge  boat  races,  when  the  enor- 
mous traffic  could  not  possibly  be  handled  under  the  absolute  block 
system;  the  permissive  block  system  is  used,  but  without  authority. 
The  difference  between  the  absolute  and  permissive  is  that  in  the  ab- 
solute block  system  a  clear  section  must  be  maintained  by  trains. 
That  is  to  say,  that  if  you  have  three  sections,  A,  B  and  C,  and  you 
have  a  train  leaving  A,  you  cannot  have  any  in  B,  the  previous  train 
must  be  approaching  C  before  you  can  allow  the  A  train  to  approach  B. 
Mr.  Pbottt. — Passing  only  by  the  danger  signal  ? 
Mr.  O'Donnell. — Yes. 
Mr.  Peout. — How  long  ? 

Mr.  O'Doxnell. — I  ask  Colonel  Haines  if  there  is  any  railway  in  this 
country  that  runs  on  a  time  interval. 

Mr.  Haines. — I  think  it  could  be  maintained  that  where  a  train 
is  permitted  to  enter  a  section  under  a  block  in  which  there  is  another 
train  already,  that  is,  to  a  certain  extent,  a  time  interval.  It  requires 
you  to  protect  the  rear  of  every  train  in  the  same  way  that  you  would 
protect  the  rear  of  the  train  where  you  run  trains  under  a  time  interval 
without  block  signals.  The  distinction  that  we  are  inclined  to  draw  is 
that  an  absolute  block  system  does  not  authorize  one  train  by  signal  to 
enter  a  block  in  which  there  is  another  train;  that  a  second  train  can 
only  enter  with  a  special  order.  That  is,  that  where,  under  any  cir- 
cumstances, one  train  is  permitted  by  signal  from  the  signal  tower  to 
enter  the  block  in  which  there  is  at  the  time  another  train,  that  is  a 
permissive  system. 

While  I  am  on  my  feet  I  will  read  a  note  that  has  been  handed  me. 
It  is  a  statement  that  on  the  Third  Avenue  road  last  Wednesdav  12  000 
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engine-miles  were  made,  the  road  being  8  miles  long,  with  two  tracks, 
and  750  trains  each  way  in  24  hours. 

Mr.  O'Donnell. — In  taking  the  Elevated  Road  the  only  lines  we 
can  pit  against  it  is  the  Metropolitan  Underground  Railway  in  London. 
With  reference  to  the  question  of  time  interval,  it  means  the  lapse  of  a 
certain  amount  of  time.  The  permissive  system  has  no  reference  to 
the  time  interval,  because  it  is  covered  by  signal,  either  permissive 
or  absolute;  and  if  the  train  was  delayed  for  an  hour  inside,  while  it 
is  the  permissive  block  system,  the  train,  a  few  hundred  yards  in  the 
rear,  would  also  be  delayed.  It  is  time  interval,  if  you  like;  hut  it  is 
not  governed  by  specified  time. 

Now,  as  to  the  distant  signals.  Mr.  Haines  cited  an  automatic  sys- 
tem in  this  country  in  which  the  distant  signal  was  not  needed.  If 
there  is  any  gentleman  here  on  that  road,  he  will  bear  me  out  that  the 
pneumatic  system  there  has  never  been  a  success.  In  the  Woodlawn 
system  they  were  all  free;  they  were  all  free  on  the  Bound  Brook  line. 

Theodore  Voorhees,  M.  Am.  Soc.  C.  E. — We  had  some  7  miles  of 
the  Hall  automatic  system  put  up  some  two  years  ago,  and  it  was  all 
put  lip  with  distant  signals. 

Mr.  O'Donnell. — That  bears  out  what  1  say.  I  was  about  to  remark 
that  while  I  don't  wish  to  appear  a  prophet  from  the  experience  in 
England,  you  will  come  to  distant  signals  in  this  country  as  sure  as  I 
am  here  to-night. 

Mr.  Voorhees. — On  the  subject  of  distant  signals,  you  stated  that 
the  usual  distance  in  England  was  800  yds. ;  is  that  the  usual  distance 
from  the  home  signals  ?  I  would  ask  also  whether  the  single  signals 
are  worked  by  a  double  wire  ? 

Mr.  O'Donnell. — That  is  the  specified  distance  by  the  Board  oi 
Trade;  if  the  signal  boxes  are  at  a  sufficient  distance  to  warrant  it. 
800  yds. ;  on  a  down  grade,  1  200  yds.  There  is  no  single  distant  sig- 
nal, to  my  knowledge,  in  England,  which  is  worked  with  a  double  wire: 
we  never  use  a  double  wire.  I  once  operated  a  signal  a  distance  of 
1  mile;  we  used  a  capstan  and  wheel.  But  the  usual  run  of  signals  in 
England  is  usually  MOO  yds.  In  the  signal  boxes  we  use  an  adjuster 
which  the  si^ual-mau  operates  as  he  finds  the  signal  is  not  working; 
if  there  is  a  50  or  (5(1  lb.  weight  at  the  end  of  the  arm,  that  is  sufficient 
to  put  the  arm  at  the  danger  attitude.  We  do  not  have  such  extremes 
of  temperature  as  you  have  lure.     The  extremes  of  temperature  are 
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not  such  as  to  give  us  any  great  difficulty.  We  have  a  difference  of  wire 
occasionally,  amounting,  perhaps,  to  10  ins. ;  that  is  not  sufficient  to 
make  the  arm  come  off.  Our  practice  is  one  wire,  and  I  think  that  if 
expansion  and  contraction  is  to  be  a  difficulty,  it  is  equally  applicable 
to  one  or  two  wires;  they  are  both  being  expanded  and  contracted. 

Mr.  Voorhees.  — The  experience  has  been  in  this  country,  so  far  as 
my  knowledge  goes,  that  a  single  wire  does  not  operate  successfully. 
We  have  had  considerable  experience  with  single  wires  running  to 
£  mile,  and  they  have  not  worked  well.  We  are  using  the  double  wire 
now,  but  limiting  the  distance  to  1  600  ft.  We  find  it  difficult  to  operate 
double  wire  to  any  distance  greater  than  1  600  ft.,  on  account  of 
expansion  and  contraction. 

T.  H.  Grajntt,  Assoc.  M.  Am.  Soc.  0.  E. — While  the  majority  of 
railroad  engineers  naturally  regard  England  as  the  home  of  modern 
signaling  and  interlocking,  they  may  properly  question  whether  there 
exists  in  this  country,  on  well-regulated  roads,  the  looseness  and  want 
of  method  that  may  be  inferred  from  this  discussion. 

The  signals  on  the  Central  Railroad  of  New  Jersey  between  Jersey 
City  and  Bound  Brook,  a  distance  of  30  miles,  may  be  taken  as  a  fair 
example  of  American  practice.  This  part  of  the  road  is  under  the 
operation  of  the  automatic  pneumatic  system,  the  first  section,  from 
Jersey  City  to  West  Eighth  Street,  Bayonne,  having  been  put  in  ser- 
vice in  the  spring  of  1889;  and  the  second  section,  from  the  latter 
point  to  Bound  Brook,  during  the  past  summer.  The  signals  which 
govern  the  running  of  trains  on  four  tracks  nearly  the  whole  distance 
are  located  from  1  200  ft.  to  \  mile  apart,  depending  upon  local  con- 
ditions. There  are  two  blades  for  each  track,  one  over  the  other;  the 
upper,  or  red  blade,  and  the  lower,  or  green  blade.  If  both  are  ex- 
tended horizontally  to  the  right,  it  is  indicated  that  the  two  blocks 
ahead  of  the  signal  are  occupied,  and  no  train  or  engine  may  enter  the 
block.  If  the  red  blade  has  dropped  and  the  green  blade  is  extended, 
the  train  may  enter  the  first  block,  knowing  the  second  is  still  occu- 
pied. If  both  blades  are  down,  two  blocks  are  clear.  The  signals  are 
operated  by  compressed  air  from  three  power  stations  in  connection 
with  electric  track  circuits. 

The  movement  of  trains  over  the  same  part  of  the  road  is  further 
governed  at  junction,  crossing  and  terminal  points  by  thirteen  towers 
for  the  working  of  interlocking  switches  and  signals.     The  system  is 
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practically  the  same  at  all  towers,  although  there  are  some  points  of 
difference  in  the  machines  built  by  the  various  signal  companies. 
While  there  may  be  a  Saxby  &  Farmer,  a  National,  or  a  Johnson 
machine  at  a  particular  point,  there  is  no  external  evidence  to  the 
trainmen  of  any  difference  from  any  one  of  the  other  towers.  It  is, 
therefore,  proper  to  say  there  is  an  uniform  system. 

The  largest  and  most  important  tower  is  located  at  the  Jersey  City 
terminus.  It  operates  by  means  of  a  72-lever  Saxby  &  Farmer  ma- 
chine, the  signals  and  switches  in  front  of  the  train  house.  It  is 
supplemented  by  another  tower,  containing  a  48-lever  National  inter- 
locking machine,  about  2  000  ft.  further  up  the  yard,  at  which  point 
the  passenger  trains  are  shifted  and  made  up,  and  the  Lehigh  Valley 
and  Newark  trains  let  in  upon  the  main  tracks. 

Two  other  towers,  one  at  Jersey  City  Junction,  1  mile  out,  and  one 
at  Claremont,  2  miles  from  the  train  house,  complete  the  interlocking 
system  at  Jersey  City.  The  remaining  nine  are  distributed  to  cover 
junction  and  crossing  points. 

At  points  where  switches,  crossings,  etc.,  controlled  from  a  tower, 
come  within  the  territory  protected  by  the  automatic  signals,  it  is  so 
arranged  that  the  two  systems  must  work  in  unison.  A  lever-man 
cannot  give  a  clear  route  to  a  block  while  the  automatic  red  blade  for 
that  block  is  at  danger. 

The  company  spares  no  expense  to  make  its  employes  fully  ac- 
quainted with  new  signals,  for  this  purpose  issuing  books  of  instruc- 
tion and  rules,  and  recpiiring  strict  adherence  thereto.  The  signals, 
connections,  interlocking,  etc.,  are  carefully  looked  after  in  all  their 
details  and  maintained  in  good  working  order  by  a  supervisor  and  a 
well-organized  and  sufficient  corps  of  assistants. 

Mr.  O'DoNNEMi. — I  gather  in  the  last  remarks  that  you  have  stated 
that  four  of  the  different  companies  have  all  put  up  signals.  Now, 
the  Hall  system  is  radically  different  from  any  other  system.  It  is 
purely  electric.  In  describing  the  pneumatic  system  at  Bound  Brook 
you  mentioned  that  there  were  permissive  blades  and  absolute  blades. 
They  are  precisely  the  same  as  those  used  with  the  pneumatic  plant 
at  Win  id  lawn. 

Mr.  Vookhees. — I  cannot  very  well  sit  here  and  let  pass  one  ob- 
servation the  gentleman  made.  As  the  only  representative  here,  so  far 
as  I  have  been  able  to  discover,  of  roads  entering  New  York  City  from 
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the  north,  I  wish  to  state  that,  so  far  as  I  know,  all  the  trains  on  the 
Hudson  River  Railroad  and  the  New  York,  New  Haven  and  Hartford 
Railroad  carefully  observe  the  block  system;  the  Hudson  River  is 
governed  by  the  absolute  block  system.  I  have  carefully  observed  the 
pneumatic  block  plant  that  we  put  in  from  Mott  Haven  to  Woodlawn 
ever  since  it  was  put  there.  We  cannot  work  it  under  any  absolute 
rules.  We  found  that  we  had  to  make  it  the  rule  that  engineers  could 
pass  the  block  signal  when  at  danger,  provided  they  waited  a  time  in- 
terval. I  do  not  think  it  possible  to  work  any  automatic  signal  except 
under  such  a  rule.  It  is  under  that  view  that  the  New  York  Central 
and  Hudson  River  Railroad  has  gone  into  the  Sykes  system  from  New 
York  to  Buffalo,  which  is  now  under  contract. 

Geoege  R.  Haedy,  M.  Am.  Soc.  C.  E. — Mr.  O'Donnell's  paper  is  a 
very  interesting  one,  and  the  explanation  which  followed  the  reading 
of  the  paper  touched  upon  the  subject  of  the  position  of  the  sema- 
phore, concerning  which  there  seems  to  be  considerable  variation  in 
practice.  It  would  seem  that  in  conformity  with  the  principle  of 
organizing  signal  systems  with  the  largest  degree  of  uniformity  as 
pertaining  to  those  characteristics  which  are  observable  by  the  engine- 
men  or  drivers,  that  we  should  have  a  constant  rule  in  regard  to 
the  location  of  the  semaphore  which  can  be  easily  understood  at 
first  glance.  The  rule  which  has  been  applied  to  a  great  many 
railroads,  and  concerning  which  there  can  be  as  little  difficulty  in  its 
application  as  any,  is  to  provide  the  semaphores  as  nearly  as  possible 
over  or  just  to  the  right  of  the  track  on  which  the  train  is  approaching. 
When  the  roadway  consists  of  three  or  four  or  a  larger  number  of 
tracks,  this  necessarily  demands  that  a  signal  bridge  should  be  con- 
structed so  that  the  standard  signals  may  be  placed  above  the  tracks, 
although  small  or  dwarf  signals  might  be  placed  on  the  ground  be- 
tween the  tracks.  With  this  arrangement  it  is  sufficiently  clear  to 
any  engine-man  that  no  other  signal  than  the  one  he  is  so  directly 
approaching  relates  to  his  track.  If  the  signal  he  approaches  is 
simply  a  block  signal,  governing  no  variety  of  routes,  it  is  unnecessary 
to  make  any  other  arrangements  for  indicating  the  route  it  relates  to; 
but  if  an  arrangement  of  switches  makes  it  possible  to  use  one  of  two 
or  three  or  four  routes  from  the  approaching  track,  then  the  practice 
of  placing  all  of  those  signals  relating  to  the  same  number  of  routes 
on  the  same  pole  in  the  same  j^osition,  as  for  one  signal,  is  much  better 
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than  to  make  two  or  more  independent  posts  for  the  various  routes; 
because,  as  soon  as  the  latter  plan  prevails,  the  space  allotted  to  the 
signals  belonging  to  the  neighboring  track  is  imposed  upon,  and  if  a 
neighboring  track  should  require  many  signals,  some  of  them  might 
be  crowded  completely  out  of  proper  position  relative  to  the  track  to 
which  they  relate. 

The  answer  in  objection  to  this  arrangment  by  some  parties  is  that 
the  high-speed  route  should  require  a  most  conspicuous  signal.  We 
grant  this  criticism,  and  favor  the  use  of  emphasizing  the  signal  for 
that  route  of  a  group  of  routes  which,  being  the  highest  speed  route, 
requires  the  largest  degree  of  convenience  for  the  engine-men.  But 
this  determination  of  which  signal  of  several  on  one  post  applies  to  a 
particular  route  may  easily  be  provided  for  under  one  of  two  rules. 
The  first  rule  is  to  place  the  signal  for  the  extreme  right-hand  route  at 
the  top,  and  the  others  in  natural  sequence  below  for  the  routes  fur- 
ther to  the  left.  Some  roads  vary  this  rule  in  applying  the  rule  only 
to  the  slow  or  switching  routes,  and  always  putting  the  high-speed 
route  at  the  top  of  the  post.  We  think  the  situation  is  best  adapted 
to  all  circumstances  by  adhering  exactly  to  the  rule  as  first  indicated, 
and  for  the  sake  of  giving  more  convenience  for  determining  which 
signal  governs  the  high-speed  route,  that  signal  can  easily  be  made 
larger  than  the  signal  for  the  slow  routes,  both  in  length  of  semaphore 
and  by  manner  of  lighting  at  night.  The  slow  or  switching  routes 
may  be  lighted  by  simply  illuminating  the  blade  with  reflected  light. 
All  of  the  above  suggestions  are  in  actual  and  successful  practice 
during  a  period  of  several  years,  and,  as  far  as  I  know,  no  sufficient 
grounds  of  criticism  have  yet  been  established  to  modify  the  same. 

The  subject  of  distant  signals  is  a  matter  which  is  not  usually  so 
well  analyzed  as  it  might  be.  Not  undertaking  an  exhaustive  discus- 
sion of  this  point,  I  will  only  refer  to  one  or  two  points  iu  this  con- 
nection.  The  right  to  pass  a  distant  signal  at  "  caution,"  as  indicated 
by  the  horizontal  position  of  the  distant  signal,  is  a  right  which  ma 
used  by  an  approaching  train,  providing  the  extent  of  observation  of 
the  track  commanded  by  the  engineer  is  sufficient  to  enable  him  to 
know  that  the  track  is  clear,  and  that  he  proceeds  only  at  a  speed 
which  will  enal.de  him  to  stop  within  the  clear  track  which  he  can  see— 
"  Proceed  only  as  the  way  is  known  to  be  clear."  Thus  he  may  ap- 
proach to  the  home  stop  signal,   and   at  that  place  wait  for  orders. 
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This  practice  with  regard  to  the  distant  signal  does  not  modify  its  pur- 
pose at  all,  as  some  have  supposed.  The  great  value  of  the  distant 
signal  is  that,  when  cleared,  it  offers  definite  assurance  that  the  speed 
may  be  maintained  into  the  territory  controlled  by  the  next  home  sig- 
nal. While  the  distant  signal  remains  at  "caution,"  the  rear  of  a  train 
which  has  drawn  entirely  past  it  has  the  same  protection  that  the  en- 
gineer of  that  train  afforded  when  he  x^assed  it  at  "caution,"  knowing 
the  way  to  be  clear.  But  when  a  train  which  has  passed  a  distant  sig- 
nal has  to  back  up,  then  it  is  absolutely  necessary  that  the  flagman 
should  first  protect  the  whole  space  to  be  used  by  such  back-up. 

"We  are  unable  to  appreciate  in  detail  the  conditions  under  which  the 
movements  are  managed  at  Waterloo  Junction,  but  if  the  information 
which  was  hinted  at  during  the  discussion,  that  the  engine-men 
conveyed  to  the  signal-men  what  they  wanted  to  do,  it  seems  to  us 
a  large  digression  from  the  advantages  of  using  interlocking  appa- 
ratus. We  had  supposed  that  the  English  practice  was  ready  to  take 
advantage  of  introducing  engine  control  from  one  standpoint  over  all 
the  business  of  switching  or  work  done  on  the  tracks  controlled  by  an 
interlocking  apparatus.  Iu  other  words,  some  one  so  authorized 
should  by  signals  direct  all  the  yard-work  or  movements  of  trains. 
This  has  been  successfully  accomplished  at  many  places  in  this  coun- 
try, and  on  a  large  scale. 

We  regard  the  business  of  making  fly  switches  with  passenger  trains 
under  interlocking  appliances  as  an  unfortunate  arrangement  which 
we  doiibt  has  as  yet  been  divested  of  the  elements  of  danger.  The 
most  conspicuous  case  of  that  kind  in  this  country,  so  far  as  we  are  in- 
formed, appears  to  be  continued  in  conformity  with  some  prejudice  as  to 
permitting  the  locomotive  to  run  into  the  train-house  where  the  smoke 
would  be  objectionable.  If  such  practice  should  be  changed  and  the 
tracks  and  connections  be  rearranged,  we  are  certain  that  the  same 
areas  might  be  made  to  furnish  facilities  for  accommodating  a  large  in- 
crease of  train  service  with  less  interruptions. 

At  Waterloo  the  right  to  use  the  incoming  tracks  for  movements  in 
the  opposite  direction  appears  to  have  been  provided  for  by  a  special 
description  of  signal  as  well  as  some  other  attachments.  Our  conten- 
tion in  this  regard  is  that  such  advantage  in  using  the  territory  con- 
trolled by  the  interlocking  does  not  require  the  use  of  any  new  devices 
to  be  exhibited  to  the  engine-men,  but  that  the  combination  of  well-ex- 
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pressed  rules  and  the  signals  of  limited  variety  and  uniformity,  will 
provide  all  that  is  needed. 

Mr.  C.  W.  Bradley,  Assoc.  M.  Am.  Soc.  C.  E. — I  have  been  very 
much  interested  in  the  paper  of  Mr.  O'Donnell,  and  the  discussion  has 
taken  such  shape  that  I  almost  think  this  is  a  meeting  of  our  Train 
Rule  Committee.  As  a  member  of  the  Train  Rule  Committee  of  the 
American  Railway  Association,  we  have  now  in  hand  the  question  of  a 
standard  code  of  rules  governing  the  operation  of  the  block  and  inter- 
locking signals  on  our  American  railways.  We  have  found  so  niany 
devices  and  appliances  that  the  Committee  are  almost  at  a  loss  to  know 
just  what  to  recommend,  or  how  we  can  formulate  a  code  of  rules  that 
will  cover  all  the  appliances  and  conditions  of  the  service.  The  stand- 
ard code  of  train  rules  adopted  by  the  American  Railway  Association, 
and  now  in  use  on  75%  of  the  railroad  mileage  of  this  country,  is  a 
great  advance  in  the  operation  of  our  roads.  Whether  we  can  do  as 
well  with  the  rules  governing  the  use  of  signals  is  an  open  question. 
Mr.  O'Donnell  has  given  us  a  good  many  good  points.  We  are  now 
looking  for  some  device  that  will  not  only  interlock  the  signals,  but 
will  interlock  the  engineer  or  driver  as  well,  and  I  would  ask  Mr. 
O'Donnell  if  they  have  any  such  device  in  use  in  England. 

Mr.  Voorhees. — We  have  been  groping  in  the  dark  on  the  rule 
question,  and  I  would  like  to  ask  a  question  in  regard  to  that.  As  I 
said  before,  the  Hudson  River  Road  is  under  the  absolute  rule  not  to 
permit  an  engineer  to  pass  a  red  signal  when  at  danger.  Rut  we  have 
often  run  against  a  case  where  the  red  signal  could  not  be  brought  to 
safety  by  reason  of  a  failure  in  the  electrical  apparatus,  and  the  ques- 
tion was  whether  to  let  the  train  stay  there  all  night  or  get  a  rule  that 
would  not  delay  the  traffic. 

Mr.  O'Donnell. — There  is  a  rule. 

Mr.  Voorhees. — I  have  studied  the  English  rules  very  carefully. 
Have  they  got  such  a  rule  ? 

Mr.  O'Donnell. — The  station-master  issues  instructions  to  the 
engine-man,  I  believe. 

Mr.  Voorhees. — We  undertook  at  first  to  permit  trains  to  pass  at 
the  display  of  a  green  flag  from  the  cabin,  when  the  man  in  the  cabin 
knew  that  the  block  ahead  was  clear,  but  was  unable  to  move  the  signal. 

Mr.  O'Donnell. — You  can  lay  down  certain  rules  authorizing  the 
driver  to  pass  such  a  signal  if  it  cannot  be  lowered.     R  would  have  to 
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be  worked  in  conjunction  with  the  automatic  Sykes  system.  You 
would  have  to  break  the  glass  and  press  the  button.  I  don't  know 
whether  you  would  permit  a  man  to  do  that. 

Mr.  Vooehees. — We  do  not  permit  a  man  to  do  that  under  any  cir- 
cumstances.    We  don't  allow  him  to  unlock  himself. 

Mr.  O'Donnell. — We  allow  him  to  do  so,  but  by  a  time  gauge  which 
registers  against  him.     He  might  do  it  10  times. 

Mr.  Vooehees. — We  first  made  a  rule  that  a  man  might  pass  if  a 
green  flag  or  light  was  displayed  toward  the  approaching  train  by  the 
operator  in  the  cabin.  Experience  taught  us,  however,  that  there  was 
danger  of  this  signal  being  misunderstood  by  the  engineer  of  an  ap- 
proaching train,  and  our  present  rule  obliges  all  trains  to  come  to  a 
full  stop  unless  all  signals  are  clear,  and  not  proceed  without  a  written 
order  from  the  operator. 

E.  E.  Kussell  Teatman,  Assoc.  M.  Am.  Soc.  C.  E. — The  present 
lack  of  uniformity  in  codes  and  rules  is  shown  by  Colonel  Haines' 
remarks,  and  while  it  is  true,  as  Mr.  O'Donnell  says,  that  railway 
officers  are  left  to  themselves  to  prepare  rules  and  adopt  methods  for 
their  own  lines  without  regard  to  any  standard  system,  it  seems  not 
improbable  that  the  development  of  the  work  of  the  Interstate  Com- 
merce Commission  may  result  in  a  certain  amount  of  government 
regulation  of  railways,  under  which  a  standard  code  and  system  of 
signaling  would  almost  certainly  be  adopted.  The  adoption  of  a 
standard  system  does  not  imply  absence  of  competition,  as  the  regula- 
tions would  merely  require  that  certain  specified  results  must  be  ob- 
tained, and  that  the  plant  must  meet  the  approval  of  the  engineers  of 
the  regulating  body.  This  is  the  system  in  England,  where  several 
signal  companies  carry  on  business  and  have  their  own  specialties. 
Mr.  Bradley  remarks,  jokingly,  that  it  will  be  necessary  to  interlock 
the  engine-nien;  but,  as  a  matter  of  fact,  they  must  be  so  interlocked 
morally,  by  being  educated  to  habitual  observance  of,  and  absolute 
obedience  to,  the  signals.  In  this  way  alone  can  the  highest  efficiency 
and  safety  be  ensured.  There  are  signal  devices  to  practically  inter- 
lock the  engine-men  by  applying  the  brakes,  sounding  the  whistle  or 
smashing  the  headlight  glass;  but  the  advisability  of  the  use  of  such 
devices  is  very  questionable.  For  special  cases,  however,  an  apparatus 
which  automatically  places  torpedoes  on  the  rail  while  the  signal  is  at 
"  danger  "  has  advantages  which  must  not  be  overlooked. 
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In  this  country  we  are  specially  interested  in  the  introduction  of  an 
efficient  and  economical  system  for  single-track  lines  with  more  or  less 
disadvantageous  financial  circumstances.  This  has  led  to  the  intro- 
duction of  the  Mozier  system  on  the  New  York,  Pennsylvania  and  Ohio 
Railroad,  and  the  Lattig  system  (National  Switch  &  Signal  Company, 
Easton,  Pa.),  which  is  applicable  for  either  single  or  double  track 
working.  The  Lattig  system  is  a  promising  combination  of  manual 
and  automatic  working.  By  means  of  an  adaptation  of  the  electric 
slot,  the  signal  is  automatically  set  at  "danger  "  by  the  passing  of  a 
train,  and  cannot  be  lowered  by  the  signal-man  until  the  train  has 
passed  on  to  the  next  block.  In  other  words  the  signal  is  automat- 
ically set  and  maintained  at  "  danger,"  but  is  lowered  by  hand  power 
only.  To  get  the  best  results  the  block  system  must  be  in  general  use. 
If  an  engine-man  runs  100  miles  by  train  orders  and  then  20  miles  by 
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signals,  he  is  not  likely  to  give  due  attention  or  obedience  to  the 
latter.  Where  the  system  is  in  use,  the  notoriously  inefficient  plan  of 
sending  back  rear  flagmen  should  be  abolished. 

The  hand-operated  system  of  signaling  is  by  far  the  best  and  puts 
a  check  upon  the  engine-man,  who  is  less  likely  to  disregard  the  signals 
under  the  eyes  of  a  signal-man  who  will  report  the  occurrence  than  to 
disregard  an  automatic  signal  which  can  tell  no  tales.  Automatic 
signals  may  be  applied  at  certain  places  and  for  special  purposes,  as  at 
crossings  of  street  railway  and  steam  railway  tracks,  etc.;  but  it  does 
not  seem  advisable  to  use  a  complete  automatic  block  system  for  main 
track  operation.  In  the  event  of  any  failure  of  plant  the  automatic 
system  is  inert  and  useless,  while  with  the  manual  system  there  are 
men  to  take  action,  provide  against  accidents  and  straighten  out  any 
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tangle  of  traffic.  The  automatic  system  on  the  Central  Eailroad  of 
New  Jersey,  which  has  been  referred,  to  in  the  discussion,  was  described 
by  me  in  Engineering  News,  New  York,  March  29th,  1890.  The  signals 
are  operated  by  compressed  air,  with  a  cylinder  and  gear  for  each  arm 
attached  to  the  signal  posts,  the  valves  being  controlled  by  electricity. 
It  is  arranged  with  double  or  overlapping  blocks,  and  the  sketch  on 
o])posite  page  shows  the  operation  for  one  track.  At  the  end  of  each 
block  is  a  separate  post  for  each  track,  and  each  post  carries  two 
blades;  the  upper  blade  (and  lamp)  red,  and  the  lower  blade  (and 
lanrp)  green,  the  lamps  showing  white  when  the  blades  are  lowered. 
When  a  train  enters  the  block  AB,  both  blades  of  post  A  are  auto- 
matically set  at  "danger"  (Position  1).  On  entering  the  next  block 
BC,  both  blades  at  B  are  set  at  "  danger,"  and  the  top  blade  at  A  is 
released  (Position  2).  On  entering  the  block  CD,  both  blades  at  Care 
set  at  "  danger,"  the  top  blade  at  B  is  released,  and  the  lower  blade  at 
A  also  released  (Position  3).  Thus,  an  engine-man  can  see  whether  one 
or  two  blocks  are  clear.  The  rules  provide  that  an  engine-man  passing 
a  signal  with  the  red  arm  down  and  green  blade  up  must  slacken  speed 
and  prepare  to  stop  at  the  next  signal,  expecting  to  find  both  blades  at 
"  danger. "  Through  disregard  of  this  rule  an  engine-man  was  not  able 
to  stop  his  train  at  the  signal,  December  8th,  1892,  and  ran  into  a  train 
on  the  next  block,  causing  a  serious  accident.  Automatic  or  other 
signal  systems  which  require  special  fittings  to  the  locomotives  (to 
apply  the  brakes,  sound  the  whistle,  etc. )  should  not  be  considered  for 
ordinary  main-line  working,  at  least._ 

The  semaphore  should  be  the  standard  form  of  signal,  as  it  is  the 
accejited  form  in  general  use  in  this  country  and  abroad.  In  most 
cases  the  blades  are  pivoted  at  the  end  and  provided  with  a  counter- 
balance; but  on  the  Great  Northern  Railway  of  England  they  are 
pivoted  at  the  middle  and  stand  vertically  for  "  track  clear. "  A  red 
blade  with  white  square  near  the  end  is  more  distinctive  than  an  all- 
red  blade.  White  is  the  best  color  for  the  posts,  as  any  other  color 
tends  to  kill  the  brightness  of  the  color  of  the  blade.  The  normal 
position  of  the  blade  should  beat  "danger."  As  to  the  question  of 
position-signals  by  night  and  day,  the  Koyl  parabolic  semaphore 
(National  Switch  and  Signal  Company)  generally  shows  an  inclined 
white  streak  of  light  for  "track  clear,"  and  a  horizontal  red  streak  for 
' '  danger" ;  but  the  red  might  be  eliminated  and  the  position  alone  of 
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the  streak  of  light  used  as  the  signal.  The  Union  Switch  and  Signal 
Company  has  an  illuminated  semaphore,  with  a  hollow  bos  blade, 
having  a  strip  of  glass  in  the  front,  light  being  reflected  from  the  lamp 
on  the  post  into  the  blade,  and  also  (if  desired)  into  the  ordinary  lens. 
The  Boston  and  Albany  Railroad  and  Old  Colony  Railroad  rise  three 
lamps  to  each  signal.  The  former  has  two  white  lights  in  a  horizontal 
line  for  "danger,"  and  two  green  lights  in  a  vertical  line  for  "track 
clear";  while  the  latter  has  two  red  and  two  white  lights,  respec- 
tively. This  arrangement  has  the  objection  of  expense.  Note  that 
the  Boston  and  Albany  Railroad  uses  white  for  the  "danger"  or 
"stop"  signal. 

The  signal  lamps  should  have  large  lenses,  and  at  large  city  sta- 
tions, where  numerous  electric  and  gas  lights  are  almost  certain  to  be 
visible,  it  may  be  desirable  to  abolish  the  white  signal  light,  or  else 
make  it  the  "danger"  signal,  so  that  engine-men  would  be  on  the 
look  out  for  a  colored  light.  The  Midland  Railway,  of  England,  uses 
red  for  "  danger  "  and  green  for  "track  clear."  The  distant  signal 
should  be  distinctive  by  day  and  night,  and  this  is  a  matter  of  consider- 
ation, as  at  present  the  home  and  distant  signals  are  distinctive  by 
day  only.  In  view  of  the  increase  in  the  number  of  high-speed 
heavy  trains,  it  becomes  necessary  to  arrange  for  signaling  them 
so  as  to  ensure  their  being  able  to  pull  up  at  a  "danger"  home 
signal.  From  the  official  reports  of  the  Board  of  Trade  (England) 
inspectors  upon  all  railway  accidents  in  Great  Britain,  much  may  be 
learned  in  the  way  of  providing  against  defects  and  accidents  which 
occur  with  the  very  complete  signal  systems  in  England,  and  the 
Society  ought  to,  if  it  does  not,  preserve  these  reports  regularly  for 
the  library. 

While  the  equipment  of  main  tracks  with  block  signals  is  very 
desirable,  it  is  especially  necessary  to  provide  interlocking  switch 
and  signal  plant  at  terminals,  junctions,  track  crossings  at  grade,  and 
drawbridges.  The  Board  of  Railroad  and  Warehouse  Commissioners 
of  Illinois  requires  this  protection  for  grade  crossings,  and  a  set  of 
rules  and  regulations  on  this  matter  has  been  prepared  by  Mr.  Charles 
Hansel,  engineer  to  the  Board.  The  frequent  accidents  at  grade  cross- 
ings of  steam  and  street  railways  show  the  insufficiency  of  gates  and 
gatemen,  and  suggest  the  use  of  automatic  signals  and  derailing 
switches  on  the  street  railway,  operated  by  trains  on  the  main  line. 
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In  case  of  failure  of  plant  or  other  reason  preventing  the  giving  of  a 
"  track  clear"  signal,  although  the  block  is  known  to  be  clear,  there 
should  be  some  rule  allowing  the  signal-man  (or  station-master)  to  give 
a  written  order  or  special  card  to  the  engine-man,  authorizing  him  to 
proceed  to  the  next  block,  due  record  being  kept  and  report  made. 
This  would  prevent  the  stoppage  of  traffic  by  a  failure  of  the  plant, 
when  the  track  is  known  to  be  clear. 

Henry  Johnson,  Esq. — I  have  read  with  interest  Mr.  John  P. 
O'Donnell's  paper  and  the  description  of  the  system  in  operation  at 
Waterloo  Station. 

Mr.  O'Donnell,  however,  does  not  show  clearly  what  advantage  is 
gained  by  the  use  of  independent  signals  for  different  kinds  of  traffic 
over  the  same  route.  It  would  seem  that  the  same  signal  would  answer 
for  an  empty  engine,  as  well  as  for  a  complete  train. 

Quite  a  number  of  blades  might  have  been  saved,  and  the  system 
simplified,  by  the  use  of  large  and  distinct  indicators  for  the  several 
routes  from  any  one  track,  instead  of  the  use  of  bracketed  signals. 

In  the  paragraph  commencing  at  the  bottom  of  page  518,  and 
ending  page  519,  after  saying  that  the  custom  in  England  sanc- 
tioning movements  in  a  wrong  direction,  or,  to  put  it  more  clearly, 
an  east-bound  movement  along  a  west-bound  track,  or  a  north- 
bound movement  along  a  south-bound  track,  is  to  perform  such 
movements  by  special  authority,  and  deprecating  the  system  in  use 
in  this  country,  sanctioning  the  movement  by  a  mechanical  signal, 
the  author  goes  on  to  say  that  in  England  many  accidents  have 
occurred  through  trains  proceeding  along  the  wrong  track  through 
ignorance. 

It  would  appear  from  this  that  the  system  which  he  commends  has 
not  proved  efficient.  He  does  not  state  how  the  special  authority  is 
conveyed  to  the  engineer;  but,  for  the  information  of  those  who  may 
not  know,  it  may  be  here  stated  that  it  is  conveyed  by  means  of  hand 
signals. 

The  one  case  which  he  cites  to  strengthen  his  condemnation  of  the 
American  practice,  in  my  opinion,  does  nothing  of  the  kind,  but  on 
the  contrary  condemns  the  system  in  use  in  England.  He  says  : 
"At  Kingston,  on  the  London  and  Southwestern  Eailway,  where  an 
engine-man  thought  that  the  crossing  points  had  been  moved  for 
him  to  proceed  to  the  right  road,  the  points  themselves  had  not  been 
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moved  at  all.  He  proceeded  to  the  next  section  on  the  wrong  road," 
etc. 

This  would  seem  to  prove  the  need  of  some  more  reliable  means  of 
communicating  to  the  engineer  that  the  points  or  switch  had  not  been 
reversed  and  did  not  stand  right  for  him  to  cross  over  to  the  right 
road  than  the  one  he  advocates. 

The  practice  in  this  country,  as  stated  by  Mr.  O'Donnell,  is  objec- 
tionable and  has  long  been  condemned  by  some  signaling  experts;  but 
he  is  wrong  in  supposing  it  to  be  the  general  practice.  The  practice 
here  is  to  provide  signals  for  all  regular  shifting  movements  and  is,  in 
this  respect,  better  than  the  English  practice;  but  in  many  cases  the 
interlocking  is  so  arranged  that  such  signals  cannot  be  made  to 
authorize  a  movement,  when  such  movement  would  lead,  say,  south 
on  a  north-bound  track.  There  is,  however,  reasonable  objection 
to  this  practice,  and  many  railroad  men  claim  that  such  signals 
should  be  given  for  wrong  roads  to  avoid  the  bad  practice  of  hand 
signaling. 

There  are  these  objections  to  every  present-known  practice,  and 
some  solution  of  the  difficulty  is  needed.     I  suggest  the  following  : 

Use  the  signals  in  the  manner  they  are  now  used  at  Woodlawn 
Junction,  and  condemned  by  Mr.  O'Donnell,  and  avoid  the  risk  he 
points  out  by  inserting  trailing  derails  on  tracks  where  such  move- 
ments are  permitted,  such  a  sufficient  distance  ahead  as  not  to  derail 
a  train  making  a  legitimate  movement,  but  near  enough  to  derail  a 
train  that  may  be  accidentally  taking  the  wrong  track.  Such  derails 
need  not  be  operated  from  the  towers,  but  may  be  weighted  open,  so 
that  all  trains  making  proper  use  of  the  tracks  at  such  points  would 
close  the  switches  when  passing  over  them. 

Rear  home  signals  should  be  placed  at  such  derails,  to  give  an 
operator  the  power  of  stopping  an  approaching  train  before  entering 
the  field  of  an  authorized  shifting  movement. 

The  following  sketch  illustrates  the  suggestion  : 
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Mr.  O'DonneijL. — In  closing  the  discussion  which  has  taken  place 
upon  my  paper,  I  would  observe  that  the  majority  of  speakers  at  the 
discussion  on  October  19th  last  have  revised  their  statements,  and  in 
certain  cases  they  appear  to  be  somewhat  different  from  the  remarks 
spoken  at  the  meeting.  I  have  not  revised  the  statements  I  made  at 
the  meeting  at  all,  but  it  would  have  been  better  if  certain  of  the  issues 
now  raised  had  been  raised  at  the  time,  when  I  could  have  given  ex- 
planations and  could  have  been  criticised  again  as  to  any  views  I  hold 
with  reference  to  them. 

Now,  however,  I  regret,  as  this  is  the  final  statement  of  my  views 
on  railway  signaling,  the  opportunity  is  not  offered  to  others  to  criti- 
cise, otherwise  the  discussion  might  be  prolonged  indefinitely;  but  I 
will  endeavor,  as  far  as  possible,  to  keep  to  the  lines  laid  down  in  my 
paper.  I  will,  however,  take  this  opportunity  to  enlarge  upon  the 
new  issues  raised  by  communications  and  revised  statements  since,  and 
give  as  my  reason  for  doing  so  that  as  the  matter  is  new  and  has  been 
entered  as  part  of  the  discussion,  I  claim  the  right  of  replying  to  it. 

Adverting  again  to  the  remarks  of  Mr.  H.  S.  Haines,  I  cannot  fall 
in  with  his  view,  that  allowing  the  principle  of  time  intervals  in  sub- 
stitution for  some  form  of  block  working  is  in  any  way  economical  or 
would  tend  to  assist  the  companies  which  are  of  the  poorer  class,  which 
he  suggests  should  be  allowed  the  latitude  of  such  privileges  as  time 
intervals. 

A  poor  country  line  whose  traffic  is  very  small,  possibly  not  more 
than  three  or  four  trains  a  day,  need  not  necessarily  indulge  in  such 
large  expense  as  a  lock  and  block  system  of  signaling;  but,  on  the 
other  hand,  there  is  no  reason  why  they  should  adopt  a  time  interval, 
as  a  time  interval  would  mean  no  block  system  of  any  description  at 
all.  The  ordinary  block  instruments  for  signaling  trains  from  one 
section  to  another  is  not  an  expensive  system,  and,  as  the  telegraph 
installation  is  down  for  other  purposes,  it  does  not  add  much  to  the 
cost,  and  there  is  no  reason  why  a  time  interval  should  be  adopted  on 
any  line  in  the  United  States  or  in  any  other  part  of  the  world.  It  is 
generally  conceded  that  an  entire  line,  no  matter  how  cheaply  con- 
structed, should  have  the  facilities  of  a  telegraph  system;  in  fact,  such 
a  system  is  generally  used  in  the  construction  of  a  line. 

It  may,  therefore,  be  taken  for  granted  that  a  time  interval  proper, 
as  a  substitute  for  block  working,  is  a  thing  of  the  past. 
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There  seems  to  be  some  confusion  as  to  there  being  a  difference  be- 
tween interlocking  switch  systems  and  the  operation  of  trains  on  main 
lines  under  block  signals.  I  would  remark  that  the  two  are  synony- 
mous. The  interlocking  system  is  simply  interlocking  the  outside  sig- 
nals with  each  other  and  with  any  conflicting  switches.  As  I  have 
pointed  out,  immediately  you  interpose  a  switch  on  the  main  line — and 
it  is  to  be  hoped  that  every  station  in  the  United  States,  sooner  or 
later,  will  have  switches — you  must  introduce  the  interlocking  system 
to  have  any  degree  of  safety,  and  this  system  cannot  be  automatic  be- 
cause you  cannot  work  a  switch  automatically,  at  least  not  from  a 
practical  railway  point  of  view. 

I  would  respectfully  suggest  to  Mr.  Haines  that  if  the  Railroad 
Association  is  preparing  rules  for  the  operation  of  trains  on  main  lines, 
and  particularly  for  the  control  of  interlocking  switch  systems  at  sta- 
tions, it  would  be  better  if  the  last  paragraph  were  eliminated,  as  any 
rules  must  include  the  working  and  the  control  of  the  interlocking 
systems.  Terminal  stations  have  no  special  reference  to  the  matter, 
for  it  is  not  only  at  terminal  stations  that  interlocking  systems  would 
be  used.  The  word  "switch  "  is  a  misnomer  as  applied  to  interlocking 
systems. 

I  would  take  up  too  much  space  if  I  were  to  reply  in  detail  to  the 
remarks  as  to  distant  signals,  interlocking  switch  systems,  and  the  dif- 
ference between  these  and  the  movements  of  trains  under  block  systems. 
The  remarks  at  the  discussion  became  so  involved  in  reference  to  these 
points  that  it  is  better  to  leave  them  to  a  future  occasion. 

There  are  few  railway  men  who  will  agree  with  the  statement  that 
it  is  only  when  trains  are  numerous  that  a  distant  signal  on  the  main 
line  is  necessary.  I  must  again  disagx-ee  with  the  statement,  because 
it  is  incorrect,  that  the  system  in  actual  use  in  the  United  States  is 
that  the  block  signal  in  one  block  is  used  as  the  distant  signal  for  the 
block  ahead.  I  am  sorry  to  again  remark  that  this  question  has  be- 
come very  much  involved. 

In  the  automatic  system  at  Bound  Brook,  the  block  signal  in  the  rear 
block  is  certainly  not  the  distant  signal  for  the  block  in  advance. 
There  are  in  the  signaling  arrangements  in  connection  with  Bound 
Brook  a  stop  signal  and  a  distant  signal  to  each  block,  and  they  are 
supposed  to  answer  the  same  purposes  as  the  stop  and  distant  signal 
in  any  other  part  of  the  United  States;  and  the  stop  signal  under  no 
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conditions  answers  the  purposes  of  a  distant  signal,  because  each,  block 
lias  its  own  separate  distant  signal  which  may  be  passed  at  "  danger," 
whereas  no  block  signal  should  be. 

The  question  of  cost  hardly  enters  into  this  discussion,  as  I  would 
venture  to  say  that  after  a  due  interval  of  time  has  elapsed  for  the  av- 
erage maintenance  of  an  automatic  system  of  signaling,  and  a  corre- 
sponding manual  system,  that  undoubtedly  it  will  be  found  that  the 
manual  system  is  the  less  costly,  while,  at  the  same  time,  being  infin- 
itely more  satisfactory  from  all  points  of  view. 

I  am  sorry  if  any  remarks  I  made  at  the  meeting  conveyed  the  sense 
that  I  looked  upon  the  signaling  of  American  railroads  as  being  con- 
ducted with  looseness;  want  of  method  I  certainly  inferred,  but  not 
looseness.  These  are  remarks  offered  by  Mr.  Grant.  He  states:  "  The 
signals  on  the  Central  Eailroad  of  New  Jersey,  between  Jersey  City 
and  Bound  Brook,  a  distance  of  80  miles,  may  be  taken  as  a  fair  ex- 
ample of  American  practice."  Now,  I  do  not  think  that  this  can  be 
considered  a  fair  example  of  American  practice,  because  I  believe  that 
the  larger  amount  of  American  signaling  is  on  the  manual  system.  It 
certainly  cannot  be  called  a  uniform  system  between  Jersey  City  and 
Bound  Brook,  as  wherever  a  switch  is  interposed  and  controlled  it  is 
non-automatic,  and,  as  I  have  pointed  out,  there  is  no  unison  between 
the  automatic  and  the  non-automatic  systems.  It  must  be  obvious  to 
all,  that  such  an  arrangement  as  allowing,  in  the  same  block  section, 
certain  signals  to  be  automatic,  normal  position  "safety,"  and  other 
signals  (which  ought  to  give  the  same  indication  to  the  driver), 
worked  by  a  signal-man,  the  normal  position  being  "danger,"  can 
hardly  be  called  uniformity  of  practice. 

Mr.  Grant  cites  the  question  of  locking  frames  as  no  external  evi- 
dence to  the  trainmen  of  any  difference  from  any  one  of  the  three 
towers.  If  the  point  of  external  difference  is  an  important  one,  surely 
the  question  of  the  normal  position  of  the  arm  enters  vitally  into  this 
question. 

The  pneumatic  system,  both  automatic  and  non-automatic,  is  the 
last  system  that  ought  to  be  called  uniform;  it  is  the  most  ununiform 
system  of  any  I  have  known,  for  the  reasons  given  that  the  normal 
positions  of  the  signals  are  different. 

The  operating  power  is  not  one  which  I  will  enter  upon  in  this 
reply  at  all,  as  I  am  dealing  rather  with  the  results. 
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In  the  matter  of  the  remarks  of  Mr.  Voorhees  as  to  the  lines  enter- 
ing New  York  City  from  the  north  observing  the  block  system,  I  did 
not  make  any  statement  that  such  lines  did  not  as  a  principle  observe, 
not  only  the  block  system,  but  the  absolute  block  system.  What 
I  inferred  was,  and  I  think  I  made  it  clear  in  my  statement,  that 
on  Columbia  Day,  which  is  somewhat  equivalent  to  our  Derby  Day  or 
Oxford  and  Cambridge  Boat  Race  Day,  where  the  traffic  is  abnormal, 
that  it  is  almost  impossible  to  conduct  the  traffic  on  the  absolute  block 
system,  and  I  stated  that  I  was  almost  certain  that  such  lines  sus- 
pended the  absolute  block  system  and  used  the  permissive  for  that 
day.  With  the  absolute  block  only  one  train  can  be  in  one  section  at 
one  time,  and  it  is  doubtful  whether  the  traffic  could  have  been  con- 
ducted throughout  the  day  with  that  limitation. 

In  answer  to  Mr.  G.  R.  Hardy,  the  information  at  Waterloo  Junc- 
tion is  not  conveyed  by  the  engine-men  to  the  signal-men  as  to  what 
the  signal-men  are  to  do.  The  English  practice  undoubtedly  takes 
advantage  of  introducing  engine  control  from  one  standpoint  over  all 
the  business  of  switching  or  work  done  on  the  track  controlled  by 
interlocking  apparatus.  What  is  done  at  Waterloo,  which  is  con- 
demned by  the  writer,  but  must  be  done  for  want  of  space,  is  fly- 
shunting;  then  there  must  be  some  communication  between  the  switch, 
man  and  the  man  in  the  box.  The  engine-man  or  driver  has  nothing 
to  do  with  the  matter  at  all.  Where  fly-shunting  is  authorized,  ground 
pointsmen  are  employed,  and  indication  must  be  given  by  them  at  the 
right  moment  to  the  signal-man  when  he  is  to  move  over  his  switches 
to  allow  the  engine  to  go  down  one  road  and  the  cars  down  another,  or 
vice  versa. 

I  would  only  remark  that  nothing  has  been  done  at  any  large  sta- 
tion in  America  that  has  not  been  previously  executed  in  Great  Britain, 
and  if  fly-shunting  is  introduced  in  America  I  should  like  to  see  the 
system  that  would  control  it  from  a  signal  box  irrespective  of  individ- 
uals on  the  ground  to  give  notice  of  the  time  when  the  switches  should 
be  reversed  for  the  purposes  of  fly- shunting.  This  is  only  another 
case  of  where  automaticity  is  not  desirable  or  even  possible. 

In  the  matter  of  using  in-going  tracks  at  Waterloo  for  opposite 
movements,  no  amount  of  interlocking  gives  any  right  to  shunt  on  a 
line  in  an  opposite  direction  to  which  the  line  is  intended  to  run,  and 
it  is  only  right  that  unusual  and  independent  appliances  should  be 
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given  to  the  signal-man  for  a  movement  in  the  wrong  direction  on 
a  road  that  is  within  the  control  of  the  section  from  which  such 
authority  is  given  or  such  movement  takes  place.  No  amount  or  com- 
bination of  well-expressed  rules  would  prevent  an  accident  if  drivers 
are  allowed  to  perform  wrong-road  shunts  without  any  limit  to  the 
extent  of  such  shunts.  I  am  certain  that  these  remarks  made  by  the 
gentlemen  addressing  them  have  been  made  from  a  want  of  knowledge 
of  the  particular  subject. 

In  this*  matter,  I  quite  agree  with  the  suggestion  made  by  Mr. 
Henry  Johnson,  and  in  fact  they  are  identical  with  the  suggestions  I 
made  to  the  Southwestern  Company  after  the  Kingston  accident  ;  I 
even  went  further,  and  suggested  that  between  each  block  section  there 
should  be  a  derailing  switch  which  would  turn  a  train  which  happened 
to  be  running  on  the  wrong  road  off  the  road.  This  did  not  appear  to 
find  favor  with  the  permanent-way  engineers,  and  the  matter  was  there- 
fore allowed  to  drop.  It  of  course  becomes  a  serious  question  to  turn 
a  train  off  the  road,  especially  if  it  should  be  going  at  a  high  speed; 
and  as  the  accidents  are  not  very  frequent  from  the  cause  cited,  it  was 
thought  desirable  to  simply  provide  a  wrong-road  stop  signal. 

I  am  obliged  for  Mr.  Henry  Johnson's  contribution  to  this  discus- 
sion, and  I  regret  he  was  not  present  at  the  meeting  in  New  York.  It 
gives  me  additional  pleasure  in  receiving  any  communications  from 
Mr.  Henry  Johnson,  as  I  was  once  his  colleague  and  received  many 
valuable  suggestions  and  instructions  from  him  when  we  were  both 
on  an  important  English  railway  together. 

It  is,  however,  with  some  degree  of  diffidence  that  I  entirely  dis- 
agree with  his  remarks  in  reference  to  the  statement  that  "  Quite  a 
number  of  blades  might  have  been  saved,  and  the  system  simplified, 
by  the  use  of  large  and  distinct  indicators  for  the  several  routes  from 
any  one  track,  instead  of  the  use  of  bracketed  signals  "  (at  Waterloo). 

Mr.  Johnson  no  doubt  refers  to  the  system  adopted  in  this  country 
for  many  years  by  Messrs.  Saxby  &  Farmer,  which  finds  its  largest 
illustration  in  the  signaling  of  London  Bridge  Terminus  of  the  London, 
Brighton  and  South  Coast  Railway. 

It  will  be  obvious  to  any  signal  engineer  who  carefully  compares 
a  diagram  of  that  station  with  the  Waterloo  diagram,  that  the  principle 
involved  in  the  Waterloo  scheme  is  that  one  lever  operates,  in  certain 
cases,    several  signal  arms  and  outward  indications,  all  indicating  a 
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specific  and  distinct  movement,  special  locking  being  employed  for 
that  purpose;  whereas,  in  London  Bridge  the  very  opposite  is  the  case, 
several  levers  being  employed,  for  the  purpose  of  saving  locking,  for 
operating  one  and  the  same  signal  arm.  As  stated  in  my  paper,  an  im- 
mense saving  of  levers  and  apparatus  might  have  been  effected  at 
London  Bridge  and  all  the  large  termini  if  the  principle  carried  out  at 
Waterloo  was  adopted  there. 

The  large  and  distinct  indicators  mentioned  by  Mr.  Johnson  have  a 
light  reflected  on  to  them  by  a  lamp  which  at  night  shows  a  number  on 
the  indicator.  This,  I  maintain,  is  not  so  satisfactory  as  giving  a 
separate  and  distinct  signal  by  night,  by  illumination;  moreover,  all 
reasonable  assistance  should  be  given  to  drivers  where  there  is  a  multi- 
tude of  roads,  like  at  Waterloo,  as  to  which  road  he  is  to  go  out  upon 
and  which  road  he  is  to  enter  upon,  and  I  certainly  consider  that, 
especially  going  out  of  the  station,  the  same  signal  should  not  be 
given  for  a  passenger  movement,  which  would  be  an  authority  to  pro- 
ceed straight  away  into  the  next  section  and  proceed  on  its  journey,  as 
would  be  given  to  an  engine  which  is  shunting  a  few  yards  ahead,  not 
going  out  of  the  section,  possibly  having  to  be  shunted  back  into  the 
engine-shed  or  on  to  a  turn-table.  Only  those  who  have  to  work  such 
big  yards,  from  a  traffic  point  of  view,  know  the  assistance  which  is 
given  by  the  ample  signaling  arrangements  at  Waterloo. 

Mr.  Johnson  is  wrong  when  he  supposes  that  I  commend  the  system 
which  involved  the  accident  at  Kingston  ;  it  was  the  want  of  such  a 
system  that  involved  the  accident.  There  was  no  wrong  road  signal 
at  Kingston;  moreover,  the  switch  points  were  not  arranged  for  correct 
working  with  the  disc  signal,  and  this  should  be  the  case  in  all  move- 
ments through  cross-over  roads  or  shunt-back  movements  from  main 
line  into  sidings.  It  is  infinitely  more  necessary  to  detect  a  trailing 
point  on  the  main  line  which  is  set  in  the  facing  direction  for  a  slmnt- 
ing  movement  than  it  is  to  detect  for  a  facing  switch  point  at  a 
junction.  The  switch  points  at  a  junction  lying  to  the  wrong  road 
would  not  lead  to  two  trains  meeting  each  other  in  opposite  directions  ; 
that  is  to  say,  there  would  be  no  wrong-road  working,  but  a  switch 
point  at  a  cross-over  road,  in  the  event  of  a  shunt-back  movement 
failing  to  work,  the  signal  being  lowered  and  the  train  proceeding, 
such  train  would  go  in  the  wrong  direction  on  the  main  line,  as  it  did 
at  Kingston. 
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Briefly,  I  may  say  that  I  do  not  consider  that  wrong-road  signals, 
except  at  terminal  stations,  should  be  given  at  all.  Better  to  let  the 
instructions  be  special  from  the  signal  operator  to  the  engine-man,  or 
from  the  station-master  or  whoever  is  in  control  of  the  section. 

With  reference  to  the  remarks  of  Mr.  Tratman,  it  is  obvious  to  all 
who  know  the  working  of  railways  in  this  country  that  the  adoption 
of  a  standard  system  does  not  imply  absence  of  competition  ;  it  would 
tend  rather  to  the  reverse,  for,  as  I  have  previously  stated,  what  the 
Board  of  Trade  asks  for  in  this  country  are  results,  the  means  em- 
ployed, of  course,  being  subject  to  their  inspection  and  approval. 

There  are  five  signal  companies  in  England  who  are  doing  a  large 
business,  and  Avho  all  have  their  specialties,  but  this  does  not  refer  to 
the  case  of  the  lock  and  block,  as  at  the  present  moment  there  is  only 
one  signal  company  that  is  offering  to  the  public  a  suitable  lock  and 
block  system,  in  addition  to  Mr.  W.  R.  Sykes,  Sr.,  who  runs  his  own 
lock  and  block  system  in  England. 

The  space  at  my  disposal  is  too  limited  to  enter  into  the  question 
as  to  the  requirements  for  automatically  placing  torpedoes  on  the  rails 
while  the  signal  is  at  "  danger."  The  use  of  the  torpedo,  or  what  we 
call  the  "  fog  signal,"  in  the  United  States,  seems  to  be  different  to  its 
application  in  England,  in  the  fact  that,  more  especially  in  tunnels,  the 
torpedoes  are  in  position  on  the  rails  when  the  stop  signal  is  in  the 
"  danger  "  attitude  ;  so  that  if  no  train  for  a  period  of  12  months  were 
to  run  past  such  signal  of  danger,  provided  with  such  a  torpedo, 
there  would  be  no  explosion  of  the  torpedo  during  the  whole  of  that 
time.  In  England,  during  foggy  weather  or  in  certain  positions 
where  such  appliances  are  desirable,  they  are  generally  applied  to  t he- 
distant  signal,  and,  of  course,  are  exploded  in  the  "danger"  position 
of  that  signal,  as  trains  are  authorized  to  proceed  even  when  the  signal 
is  in  this  attitude. 

Mr.  Tratman  refers  to  the  introduction  of  the  Mozier  system  on  the 
New  York,  Pennsylvania  and  Ohio  as  applicable  to  single-line  tracks.  I 
conclude  that  he  infers  that  this  and  the  Lattig  system  apply  to  lines 
in  more  or  less  disadvantageous  financial  circumstances,  over  other 
systems  ;  although  the  financial  circumstances  of  any  system  are,  no 
doubt,  desirable,  yet  it  would  appear  to  me  to  be  the  first  duty  of  a 
company  or  its  officers  who  sanction  the  adoption  of  these  appliances, 
to  consider  the  best  results  to  be  obtained  with  reference  to  the  safety 
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of  the  traveling  public  rather  than  financial  considerations.  It  is,  no 
doubt,  possible  to  get  a  cheap  and  a  nasty  system  ;  on  the  other  hand, 
it  is,  no  doubt,  possible  to  get  a  thoroughly  good  and  reliable  system, 
giving  a  greater  maximum  safety,  even  although  it  may  cost  more;  and 
no  doubt  the  latter  is  that  which  is  desirable. 

With  the  Lattig  system,  promoted  by  the  National  Switch  and 
Signal  Company,  of  Easton,  Pa.,  I  would  remark  that  the  object  set 
out  in  the  invention  is  the  replacing  of  the  rear  signal  to  "  danger  "  by 
the  passage  of  a  train,  and  by  that  means  it  is  considered  a  block 
system  is  established. 

A  description  of  this  system  appeared  in  the  Engineering  News  of 
January  12th,  1893.  I  would  remark  in  connection  with  this  that 
in  looking  over  the  description  of  this  invention  there  are  certain  fea- 
tures which  I  think  would  not  commend  themselves  for  general  adop- 
tion. The  first  objection  is,  that  if  the  balance  lever  on  the  post  is 
pulled  sharply  over,  the  lever  in  the  special  apparatus  on  the  post, 
which  acts  as  an  armature,  is  liable  to  be  wrenched  away  from  the 
magnet,  owing  to  the  sudden  jar  on  the  bevel-shaped  piece.  The  rigid- 
ity necessary  to  operate  the  arm  when  it  should  be  operated  depends 
upon  the  magnet  holding  the  before-described  lever  in  position,  and, 
therefore,  the  force  needed  to  operate  the  arm  is  acting  to  thrust  aside 
the  lever  as  described,  which,  if  thrust  aside,  the  arm  would  not  oper- 
ate to  the  "safety  "  attitude.  This  objection  is  not  only  liable,  but 
has  taken  place  in  similar  slot  arrangements  designed  in  England 
for  similar  purposes. 

The  second  objection  is,  that  it  has  been  found  next  to  impossible, 
at  least  in  Great  Britain,  to  use  a  track  circuit,  and  I  would  venture  to 
remark  that  track  circuits  in  the  United  States  are  hardly  as  correct  in 
working  as  railway  officials  would  like  to  see  them.  Thirdly,  the  cur- 
rent in  the  Lattig  invention  is  always  on,  the  batteries  requiring  much 
more  attention  than  if  only  occasionally  ixsed,  and  there  is  a  great 
liability  in  them  to  run  down  unknown  to  the  attendants,  and  the  line 
be  blocked,  certainly  automatically. 

This  and  other  systems  have  been  called  lock  and  block  systems, 
but  the  great  feature  in  a  lock  and  block  system  is  the  means  of  re- 
leasing the  instrument  in  the  block  section,  if  the  train  does  not  go 
beyond  the  said  section;  that  is  to  say,  that  supposing  there  are  three 
sections,  A,  B  and  C;  a  train  has  arrived  at  B  and  is  shunted  into  the 
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siding  at  B;  now  where,  in  the  systems  I  have  pointed  out,  Lattig  and 
Mozier,  or  any  other  systems  (except  the  Sykes,  Sr.,  or  the  Sykes, 
Jr.,  and  O'Donnell),  does  the  release  come  in?  Even  in  the  Sykes, 
Sr.,  in  England,  the  release  takes  place,  or  what  we  would  call 
"  cancellation,"  takes  place  by  means  of  a  key,  and  although  I  should 
be  extremely  sorry  to  differ  in  any  way  from  Mr.  Voorhees,  yet  I  see,  in 
answer  to  a  question  put  by  myself,  that  he  replied,  "  We  do  not  per- 
mit a  man  to  do  that  under  any  circumstances.  We  don't  allow  him 
to  unlock  himself. "  I  have  before  me  a  photograph  of  the  instructions 
for  working  the  Sykes  system  on  the  New  York  Central  and  Hudson 
River  Railroad,  Harlem  Division,  signed  by  Mr.  J.  M.  Toucey,  and  I 
see  that  under  Rule  10  it  says:  "  Unlock  me;  train  has  gone  on  siding 
and  switch  to  main  line  is  closed.  Repeat  10  to  sender;  if  unanswered 
by  2,  plunge."  The  meaning  of  that  is  that  the  operator  at  B  has  put 
the  train  into  the  siding,  has  put  back  his  switch  points  to  the  normal 
position,  and  he  goes  through  a  false  movement  to  unlock  his  instru- 
ment in  order  that  he  may  plunge  to  A  to  release  A  to  send  a  second 
train.  I  am  not  aware  of  any  system  of  automatic  releasing  used  in  the 
United  States  to  obviate  the  necessity  for  cancellation  or  the  use  of  a 
key,  but  if  there  is  such  a  system,  then  my  remarks  do  not  take  effect. 
With  the  Lattig  system,  which  in  this  respect  is  no  better  and 
no  worse  than  every  other  system  that  is  known  to  me,  even 
including  the  Sykes,  Sr.,  system  (except  the  Sykes,  Jr.,  and 
O'Donnell  system,  which  is  a  recent  invention),  all  "train  in  error" 
signals  or  all  means  of  delaying  the  despatch  of  a  train  previously 
sent  from  the  rear  section  is  effected  by  key,  button  or  false  move- 
ment. The  reason  of  this  is  that  with  all  the  instruments  known, 
with  the  exception  named,  even  with  the  well-known  Sykes  system, 
the  starting  or  sectional  signal  in  the  section  must  be  in  the  "danger" 
position,  or,  at  all  events,  the  operating  lever  back  in  its  normal  posi- 
tion in  the  locking  frame,  before  the  signal-man  or  o23erator  can  plunge 
to  release  the  section  in  the  rear  to  allow  a  train  to  proceed.  It  is 
customary  when  the  operator  receives  information  that  the  train  is 
coming  to  request  sanction  of  the  section  in  advance,  and  when  such 
sanction  is  given  he  lowers  his  starting  signal  before  the  train  actually 
gets  into  his  station,  consequently  if  this  train  does  not  proceed  to  the 
next  section,  but  is  shunted  into  a  siding,  he  is  locked  up  and  cannot 
plunge  to  accept  another  train  from  the  rear  until  he  has  put  his  own 
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starting  signal  to  "danger,"  which  action  releases  his  instrument  and 
allows  him  to  accept  a  second  train  from  the  rear  ;  but,  having  put  his 
own  starting  signal  to  "  danger  "  for  the  reasons  given,  he  cannot  lower 
it  again  until  C,  the  section  in  advance,  has  released  him  or  given 
him  sanction,  and  C  having  already  given  him  sanction  once  cannot 
release  himself  to  give  a  second  sanction  until  he,  C,  releases  his 
instrument  by  going  through  a  false  movement,  as  though  a  train  were 
passing  through.  This  description  refers  to  the  Sykes  system,  where 
treadles  are  not  provided.  "Where  a  treadle  is  provided  with  the  Sikes 
system,  the  same  objection  of  cancellation  takes  place,  or  what  we 
term  cancellation  of  signal  takes  place;  but,  instead  of  as  previously 
described,  the  action  is  as  follows  : 

B  accepts  a  train  from  A  and  concludes  it  is  going  into  C,  B  lowers 
his  starting  signal  ;  the  train  arrives  at  B,  and  it  is  decided  that  it 
shall  not  go  to  C,  but  be  shunted  into  a  siding  at  B.  A  treadle  is 
fixed  a  suitable  distance  ahead  of  the  sectional  signal  at  B,  in  fact, 
where  a  treadle  is  used  for  block  purposes,  it  is  fixed  in  advance  of  all 
sectional  signals  ;  the  operation  of  the  treadle  is  that  when  the  start- 
ing signal,  say  at  B,  is  lowered,  sanction  having  been  given  by  C,  B's 
treadle  is  placed  in  operation  ;  when  B's  starting  or  sectional  signal  is 
worked  over,  it  becomes  locked  in  this  position,  that  is  to  say,  the 
worked  position,  and  is  held  locked  in  that  position,  under  ordinary 
circumstances,  until  the  train  has  reached  the  treadle,  which  releases 
it  and  allows  it  to  be  placed  normal.  If,  therefore,  the  train  is  not  to 
proceed  to  C,  but  is  shunted  into  the  siding,  B's  starting  signal  is 
locked  in  its  over  position,  and  it  must  be  returned  in  order  that  he 
may  plunge  to  get  a  second  train  from  A  ;  and  in  order  that  it  may  be 
put  back  to  allow  the  instrument  to  be  plunged,  it  must  be  released, 
and  this  is  done  by  the  pressure  of  a  button,  or,  in  other  words,  by 
"  cancellation."  In  this  case,  also,  C  having  once  plunged  to  give  sanc- 
tion to  B  to  send  a  train,  his  instrument  is  locked,  and  it  must  be 
released  in  order  that  B's  starting  signal  may  be  lowered.  To  obtain 
this  release  a  false  movement  must  be  gone  through  to  obtain  the  can- 
cellation of  the  previous  signal,  in  order  that  fresh  sanction  may  be 
given  to  B  to  forward  a  train. 

In  all  of  these  systems  it  will  be  observed  that  the  very  wrong  prin- 
ciple of  giving  authority  and  allowing  it  to  be  cancelled  at  will  by  the 
signal-man  is  employed.     It  is  obvious  that  no  true  definite  safety  is 
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obtained  by  means  of  this  privilege  of  cancellation,  because,  by  a 
stretch  of  imagination,  although  it  may  actually  occur,  a  signal-man 
may  cancel  his  signals  a  sufficient  number  of  times  to  have  the  whole 
of  the  section  in  the  rear  blocked  by  trains. 

Although  these  peculiarities  of  lock  and  block  system  are  known  to 
railway  managers,  it  is  doubtful  whether  the  traveling  public,  who 
place  such  implicit  faith  in  the  union  of  the  lock  and  block  systems, 
are  aware  of  these  characteristics. 

It  therefore  occurred  to  me,  in  conjunction  with  Mr.  W.  E.  Sykes, 
Jr.,  as  to  whether  the  radical  disadvantages  of  these  systems  could 
not  be  obviated  by  devising  a  method  by  which,  in  lieu  of  the  cancella- 
tion of  signals,  the  suspension  of  the  operation  be  emj^loyed. 

This  we  claim  to  have  successfully  accomplished,  with  the  result 
that,  assuming  three  sections,  A,  B,  and  G,  if  a  train  arrives  at  B  and 
it  has  been  previously  signaled  on  to  C,  and  B  decides  that  it  shall 
not  pass  his  section  but  go  into  a  siding,  the  previous  sanction  obtained 
from  C  remains  operative  for  any  train  that  may  next  pass  into  C'.s 
section.  B  releases  his  instrument  through  the  legitimate  movement 
of  passing  his  train  either  into  the  siding,  on  to  the  other  road,  or  in 
any  position  clear  of  the  main  line. 

Another  feature  which  is  certainly  desirable  and  which  is  not 
obtained  in  any  of  the  existing  systems  so  far  as  I  am  aware,  is  that, 
assuming  C  has  given  sanction  to  B  to  send  a  train,  and  for  some 
reason  or  other  it  is  undesirable  that  C  should  receive  the  train  at  the 
particular  moment  and  he  wishes  to  delay  it,  say  for  a  quarter  of  an 
hour,  by  other  systems  cancellation  takes  place  by  means  of  a  key,  or 
through  the  movements  reversing  the  sanction;  whereas,  with  our  sys- 
tem the  operator  at  C  reverses  his  suspension  switch,  places  the  start- 
ing signal  or  sectional  signal  at  B  if  it  has  previously  been  lowered, 
to  "  danger,"  indicates  in  the  instrument  at  B  that  he  has  placed  the 
signal  to  "danger"  by  the  semaphore  arm  in  the  instrument  at  B 
assuming  the  "  danger"  attitude,  and  also  replaces  the  semaphore  arm 
in  his  own  instrument  to  the  "  danger"  attitude  ;  now,  when  the  time 
has  elapsed  and  0  finds  it  convenient  for  the  train  to  come  on  to  his 
section,  he  does  not  need  to  give  any  fresh  signal,  but  simply  replaces 
his  suspension  switch  to  its  normal  attitude  making  operative  the 
sanction  he  first  gave  for  2?  to  send  the  train.  Again,  with  this  system, 
the  result  of  which  is  not  claimed  as  novel   (but  the  particular  means 
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of  affecting  it  are  claimed  as  novel),  as  each  train  leaves  its  section  it 
depresses  a  treadle  (if  desirable  a  track  circuit  may  be  used,  as  they 
are  so  successful  in  the  United  States),  which  replaces  the  sectional 
signal  in  its  rear  to  "  danger, "and  releases  the  instrument  immediately 
in  its  rear,  allowing  the  operator  to  plunge  and  accept  another  train 
from  the  rear. 

I  would  remark,  in  reference  to  the  praise  of  the  electric  slut, 
the  signal  being  automatically  set  to  "  danger  "  by  the  passing  of  the 
train  until  the  train  has  passed  on  to  the  next  section,  that  it 
has  been  tried  for  several  years  in  America,  that  it  has  been  success- 
fully in  operation  in  connection  with  all  the  trains  passed  out  of 
Waterloo  Station  (London  and  Southwestern  Railway),  which  amount 
to  some  800  every  24  hours,  since  May,  1892,  and  it  was  carried  out  1  >y 
Mr.  W.  R.  Sykes,  Sr. 

I  fully  agree  that  the  best  results  can  only  be  obtained  by  the  union 
of  the  lock  and  block  system,  but  this  union  must  be  of  the  latest  and 
best  type. 

I  need  only  take  the  opinions  expressed  in  the  course  of  this  discus- 
sion as  an  answer  to  the  automatic  system  of  signaling  being  the  lust 
system  for  the  States  or  any  other  country.  It  is  considered  essential 
on  all  hands  that  a  thorough  lock  and  block  system,  whether  auto- 
matic, electric,  pneumatic,  or  manual,  is  desirable  as  a  result.  We 
have  Mr.  Voorhees'  words  set  forth  in  this  discussion,  that  he  had  to 
make  it  a  rule  that  engineers  could  pass  block  signals  at  "danger," 
provided  they  waited  a  time  interval.  This  refers  to  the  pneumatic 
block  plant  put  in  between  Mott  Haven  and  Woodlawn.  He  says: 
"I  do  not  think  it  possible  to  work  any  automatic  signal  except  under 
such  a  rule.  It  is  under  that  view  that  the  New  York  Central  and 
Hudson  River  Railroad  has  gone  into  the  Sykes  system  from  New  York 
to  Buffalo,  which  is  now  under  contract." 

In  the  matter  of  illuminated  signals  for  night,  that  is  to  say,  means 
employed  for  illuminating  the  arm,  I  do  not  think  that  this  would  be 
considered  as  practical  by  railroad  men  generally.  Many  devices  tried 
in  England  I  can  only  class  as  failures.  The  great  difficulty  is  to 
give  a  suitable  and  correct  view  of  the  distant  signal  in  advance,  ami  I 
believe  it  is  generally  said  that  all  the  methods  of  illuminating  the 
arm,  in  preference  to  the  usual  system  of  lamp,  have  not  given  a  greater 
assistance  of  correct  sight  beyond  120  yards. 
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THE   DETROIT   UNION   DEPOT   VIADUCT. 


By  J.  W.   Schatjb,  M.  Am.   Soc.    C.   E. 


In  the  year  1890  a  company  was  incorporated  under  the  laws  of  tin- 
State  of  Michigan,  known  as  the  "Fourth  Street  Union  Depot  Com- 
pany," of  Detroit,  Mich.  It  was  composed  of  four  prominent  railroad 
companies,  namely,  the  Wabash,  the  Canadian  Pacific,  the  Flint  and 
Pere  Marquette,  and  the  Detroit,  Lansing  and  Northern.  All  of  these 
railroads  were  then  entering  the  city  of  Detroit  over  various  lines, 
with  widely  separated  termini ;  and  in  order  to  facilitate  the  inter- 
change of  business,  and  for  other  reasons,  they  determined  to  build  a 
Union  Depot  in  the  heart  of  the  city,  with  elevated  approaches,  similar 
to  the  Broad  Street  Station  in  Philadelphia.  In  order  to  accomplish 
this  it  was  necessary  to  build  a  three-track  viaduct  about  4  000  ft. 
long  through  Biver  Street.  After  a  great  deal  of  litigation,  the  route 
was  finally  secured,  and  the  locations  for  the  columns  of  the  viaduct 
were  fixed.  Thereupon,  Mr.  C.  H.  Ellis,  the  Chief  Engineer  for  the 
Depot  company,  prepared  the  specifications  and  invited  tenders. 

In  January,  1891,  the  contract  for  the  viaduct  was  let  to  the 
Detroit  Bridge  and  Iron  Works,  the  work  to  be  completed  in  eight 
months.     The  writer,  as  the  engineer  for  the  Detroit  Bridge  and  Iron 


310  SCHAUB    ON"    DETROIT   UNION    DEPOT    VIADUCT. 

Works  at  that  time,  was  called  upon  to  design  the  superstructure,  and 
lie  will  confine  himself  in  this  paper  to  describing  only  that  portion  of 
the  work.  The  locations  for  the  columns  were  fixed  by  Mr.  Ellis,  who 
also  designed  the  foundations  and  footings  for  the  masonry  piers. 

Superstructure. — The  live  load  assumed  for  each  track  consists  of 
two  104-ton  engines  (Cooper's  Extra  Heavy  ''Class  A"),  followed  by 
3  000  lbs.  per  linear  foot. 

To  provide  against  the  effect  of  the  longitudinal  force  due  to  fric- 
tion between  the  wheels  and  the  rails,  two  trains,  each  weighing  3  -000 
lbs.  per  linear  foot,  were  assumed  to  be  moving  in  the  same  direction 
upon  the  outside  tracks.  The  maximum  coefficient  of  friction  be- 
tween the  wheels  and  the  rails  was  assumed  at  one-fifth.  To  resist 
this  force,  a  longitudinal  bracing  is  provided  for  between  the  columns. 
In  some  cases  this  bracing  goes  to  the  ground;  generally,  however,  it 
is  taken  up  by  means  of  flexure  in  the  columns.  No  account  was  taken 
of  the  "  horizontal  displacement  "  of  the  live  load  due  to  friction. 

To  provide  against  wind  strains  and  lateral  vibrations,  a  wind  force 
of  750  lbs.  per  linear  foot  was  assumed.  For  convenience,  this  force 
was  assumed  to  be  acting  in  a  horizontal  plane  passing  through  the  base 
of  the  rails.  To  resist  this  force,  a  transverse  bracing  is  provided  for, 
between  the  columns.  In  some  cases  this  bracing  goes  to  the  ground; 
generally,  however,  it  does  not,  and  flexure  is  produced  in  the  columns. 
The  horizontal  displacement  of  both  dead  and  live  loads,  due  to  wind, 
is  provided  for  in  proportioning  the  columns. 

In  speaking  of  the  horizontal  displacement  of  a  load,  due  to  wind 
or  friction,  it  might  be  well  to  explain  the  conditions  under  which  this 
takes  place.  The  following  demonstration  is  original,  ami  is  so  gen- 
eral in  its  application  that  the  writer  thought  it  worth  while  to  pre- 
sent it  in  this  paper. 

Any  force  in  space,  whether  it  be  in  a  vertical,  horizontal  or 
inclined  plane,  which  acts  upon  any  structure,  must  ultimately  find  its 
reaction  in  the  ground.  The  route  which  it  selects,  in  finding  its  re- 
action, will  be  such  that  the  internal  work  which  this  force  does  in 
producing  strain  in  the  structure  will  be  a  minimum. 

If  a  structui'e,  like  this  viaduct,  rests  upon  immovable  masonry 
piers  bedded  in  the  ground,  we  can,  for  the  time  being,  assume  that 
these  reactions  exist  at  the  supports  for  the  columns.  If  the  columns 
are  square-ended   and    firmly  held   down  to  the  masonry  by  means   of 
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anchor  rods,  so  that  the  columns  and  the  masonry  act  as  a  unit,  it  is 
evident  that  the  columns  themselves  can  exert  reactions  against  exter- 
nal forces  in  any  direction. 

If  the  external  forces  be  vertical,  the  reactions  will  be  vertical, 
without  producing  any  direct  bending  in  the  columns.  If,  however, 
the  external  forces  be  horizontal  or  inclined,  such  as  those  produced 
by  wind  or  the  friction  of  the  wheels  on  the  rails,  then  the  reactions 
will  be  both  horizontal  and  vertical,  and  their  resultant  must  neces- 
sarily balance  the  resultant  of  external  forces.  The  horizontal  reac- 
tions are  opposed  by  the  resistances  of  the  columns  to  flexure.  The 
vertical  reaction  produced  by  any  external  force  is  the  result  of  a 
couple  produced  by  the  horizontal  component  of  the  external  force 
and  its  corresponding  reaction. 


In  the  figure,  let  lis  assume  an  external  force  F  acting  upon  a  por- 
tion of  a  structure  supported  by  two  columns,  whose  unsupported 
lengths  are  I  and  /',  placed  a  distance  b  apart.  For  convenience, 
the  force  F  is  assumed  to  be  horizontal.  The  bracing  between 
the  columns  does  not  go  to  the  ground,  so  that  the  external  force  F 
produces  direct  bending  in  the  columns.  As  the  columns  are  assumed 
to  be  fixed  at  both  ends,  their  bending  will  cause  them  to  assume  lines 
of  double  curvature  with  points  of  contra-flexure  midway  between 
their  supports.  Let  /and  1'  represent  the  moments  of  inertia  of  the 
columns.  Let  E  represent  the  modulus  of  elasticity  of  the  material 
in  the  columns. 
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Let~#  and  y  represent  the  horizontal  reactions  produced  by  F;  then 

2  Hi)3  2*Q*    .    /    i- 

deflection  ==-x^r  =  ^^r  ..._  =  _  x -g- (1) 

but  x  +  y  =  F . ' .  ?/  =  F  —  as;  then  equation  (1)  becomes — 

*  7      ,    /,:''  F 

x  "7T  • '  ■  x  —  7775 \*l 


F—x         1'  Is    '    '  xx1'1 


Substituting  in  equation  (2)  the  values  for  I  and  /',  and  assuming 
values  for  /and  /',  we  can  solve  for  x  and  then  find  >/. 
The  bending  moments  on  the  columns  are: 

'           i             v 
x  X  -jj-,  and  y  X  -5- (3) 

The  vertical  reactions  produced  by  .Fare: 

+  and_.    (*°±**) (4) 

which  represent  the  horizontal  displacement  produced  by  F;  inas- 
much as  they  would  simply  increase  and  diminish  the  reactions  pro- 
duced by  any  purely  vertical  load,  without  changing  their  algebraic 
sum.  Their  effect  is  the  same  as  if  the  vertical  load  were  displaced 
horizontally;  hence  the  term  horizontal  displacement.  Here,  we 
have  assumed  the  lengths  of  the  columns  to  be  different.  We  have  also 
assumed  I  and  1'  to  be  different.     When  I  =  V  and  /=  7',  then  from 

F  F 

equation   (2)   x  =  —r-   ■' ■    y  =  -5-.   The  bending  moments  (3)  become 

F__l_ 

2   "~   2   ' 

The  vertical  reactions  (4)  become  -j    and  —  I  —  ^   j    =  +  iim^ 


-F  X  a 


).  u 


..  the  construction  should  be  such  that  I  =  0,  which 

means  that  the  cross-girder  is  supported  at  one  end  on  solid  masonry, 
while  the  other  end  is  supported  by  the  column  /'.  then  from  equation 
(2)  x  =  F  .  • .  y  =  o,  which  means  that  the  horizontal  reaction  is  en- 
tirely taken  up  by  the  masonry,  and  no  cross-bending  is  produced  in 
the  remaining  column. 

We   have   also   from    (4)    the    vertical    reactions   produced    by    F 

-f-  and  —   (  — - —     1 .     As  /  is  now  =0,  a  is   the  vertical  height  of  F 

above  the  masonry. 
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It  is  apparent  that  F  is  assumed  here  as  a  transverse  wind  force 
acting  against  cars,  the  center  of  pressure  being  assumed  in  the 
center  of  gravity  of  the  exposed  area.  The  force  F  might  have  been 
assumed  as  a  longitudinal  force  due  to  friction,  acting  through  the 
center  of  gravity  of  the  moving  load,  in  which  case  it  would  produce 
bending  on  the  columns  in  a  longitudinal  plane. 

In  proportioning  the  columns,  the  combined  stresses  resulting  from 
direct  loading,  displacement  due  to  wind,  and  cross-bending  were 
provided  for;  but  in  no  case  were  the  stresses  resulting  from  wind  and 
friction  assumed  to  occur  at  the  same  time. 

The  material  in  the  superstructure  is  steel,  excepting  the  bracing 
and  the  anchorages,  which  are  iron.  The  bearing  plates  for  the  columns 
on  the  masonry  are  cast  iron.  The  steel  used  was  specified  as  "me- 
dium steel,"  excepting  for  rivets,  where  "'soft  steel  "  was  specified. 
The  requirements  of  the  specifications  were  practically  the  same  as 
given  for  "medium steel  "  and  "  soft  steel  "  in  Carnegie's  "  Hand  Book 
for  1892."  No  shape  iron  or  steel  weighing  less  than  6  lbs.  per  linear 
foot  was  used,  nor  any  web  plates  less  than  |  in.  thick,  nor  any  other 
metal  less  than  iV  in.  thick.  All  holes  in  steel  were  punched  and 
reamed,  and  all  sheared  edges  of  web  plates  were  planed.  The  per- 
missible working  stresses  for  steel  in  pounds  per  square  inch  were  as 
follows : 

For  tension  flanges  of  longitudinal  girders  and  cross-girders  (net) 
10  000.  The  compression  flanges  were  made  to  have  the  same  gross 
area  as  the  tension  flanges. 

For  columns  whose  length  exceeds  100  times  the  least   radius  of 

gyration,   P  = ^ ;   for  short  columns  P  =  9  600  lbs.   per 

1  +  40  000  222 
square  inch.     In  no  case,  however,  do  the  stresses  from  direct  loading, 
combined  with  the  stresses  resulting   from  wind  or  friction,  in  any 
column  exceed  12  000  lbs.  fiber  strain  per  square  inch  on  the  outer 
fibers. 

For  shearing  on  rivets 9  000  lbs. 

For  bearing  on  rivets 14  000     ' ' 

For  field  or  hand-driven  rivets,  only  two-thirds  of  the  above  values 
were  allowed.  In  place  of  the  field  rivets,  bolts  were  used.  These 
bolts  were  cut  from  cold-rolled  steel  shafting,  {%  in.  in  diameter,  or 
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the  same  as  the  diameter  of  the  last  reamer  used  in  reaming  the  holes. 
The  1  Milts  were  threaded  at  each  end,  and  provided  with  a  nut  and 
washer  at  each  end.  As  they  were  perfectly  smooth  and  round,  they  were 
equivalent  to  tiirned  steel  bolts,  and  their  values  were  taken  the  same 
as  given  for  field  rivets. 

The  general  character  of  the  details  of  the  superstructure  is  shown 
by  the  accompanying  plans.     The  salient  features  in  the  design  are: 

First. — The  absence  of  all  adjustable  members,  all  bracing  being 
riveted. 

Second. — The  form  of  ex2>ansion  joint  used  for  the  longitudinal 
girders. 

Third. — The  connections  for  anchor  rods  to  columns. 

Fourth. — The  use  of  cast  bearing  plates  for  distributing  the  press- 
ure on  the  masonry. 

Fifth. — The  form  of  the  longitudinal  bracing. 

Plate  XLIV  shows  the  general  design  for  longitudinal  and  trans- 
verse bracing  where  no  clearance  is  required  under  the  structure  ami 
the  bracing  is  permitted  to  go  to  the  feet  of  the  columns. 

Plate  XLV  shows  the  general  design  for  bracing  where  a  clearance 
of  14  ft.  is  required  over  the  streets. 

Plate  XL VI  shows  the  details  for  columns  and  cross-girders,  also; 
the  details  for  the  expansion  joint  used.  Expansion  joints  are  pro- 
vided iu  every  90  ft.  longitudinally. 

Plate  XLVII  shows  the  general  design  of  the  traveler  used  in  erect- 
ing the  iron-work  (see.  also,  view  of  traveler.  Plate  XLATII).  The 
conditions  governing  the  erection  of  this  viaduct  precluded  the  use  of 
a  through  traveler,  so  that  a  deck  traveler  was  used.  The  heaviest 
single  piece  handled  by  this  traveler  was  a  cross-girder  weighing  50  000 
His.  at  the  end  of  the  booms  reaching  out  80  ft.  In  order  to  handle 
heavy  weights  at  such  a  distance,  the  rear  end  of  the  traveler  was 
counter-weighted  with  75  tons  of  pig  iron. 

In  erecting  tins  work  no  special  difficulties  "were  encountered  be- 
yond those  that  were  expected  and  provided  for.  In  some  cases  it  was 
found  necessary  to  set  the  cast  bearing  plates  on  a  thin  layer  of  cement, 
to  bring  them  to  a  level.  This  was  owing  to  improper  setting  of  the 
coping  stones,  or  imperfect  finishing  of  the  castings,  or  both  these 
causes  combined.  This  difficulty  is  commonly  met  with  in  all  kinds 
of  work  where  accuracy  of  bearing  on  masonry  is  required.     The  writer 
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does  not  recommend  the  use  of  thin  layers  of  cement  for  shims.  The 
cement  does  not  make  a  bond  with  the  coping  stone,  and  soon  crum- 
bles and  wears  away  at  the  edges  of  the  easting. 

In  the  Testing  Laboratory  of  Washington  University  at  St. 
Lonis.  plaster  of  paris  is  used  for  shims  under  stone  columns  while 
being  tested.  This  method  of  leveling  up  bearings  on  small  areas  of 
masonry  seems  to  promise  well.  The  plaster,  even  in  thin  layers, 
makes  a  bond  with  the  stone  and  sets  rapidly.  If  it  becomes  necessary 
to  retard  the  setting,  a  little  lime  can  be  added  to  the  mixture. 

The  use  of  sheet  lead  is  questionable  in  such  cases,  especially 
where  the  surfaces  of  bearing  plates  are  unbroken  by  recesses.  Or- 
dinarily the  working  pressures  on  the  bearing  plates  are  not  sufficient 
to  cause  the  lead  to  flow.  The  coping  stones  might  be  dressed  to  a 
true  level,  and  the  bearings  planed  exactly  square;  but  even  then,  when 
the  columns  are  placed  in  position,  it  is  not  unusual  to  find  that  they 
are  not  plumb.  Under  such  conditions  some  simple  method  of 
remedying  the  evil  must  be  found,  so  as  not  to  delay  the  work.  The 
question  is  an  important  one,  especially  where  the  direct  bending  in  the 
columns  is  such  a  large  factor. 


DISCUSSION. 


F.  Collixgwood,  M.  Am.  Soc.  C.  E. — There  is  one  subject 
spoken  of  by  the  writer,  that  is,  the  use  of  plaster  for  leveling  up 
bearing  plates,  which  is  a  very  important  one.  It  has  been  found  in 
testing  cubical  blocks  of  stone,  where  it  is  desirable  to  get  an  absolute 
bearing  to  distribute  the  pressure  uniformly,  that  there  is  nothing  so 
good  as  plaster  of  paris.  That  was  the  experience  at  the  Watertown 
Arsenal.  They  tried  thin  layers  of  wood,  and  the  result  was  that  under 
heavy  pressure  the  wood  itself  seemed  to  exert  a  force  in  a  direction 
across  the  fibers,  tending  to  cause  rupture  in  a  direction  parallel  with 
the  fibers  rather  than  the  other.  There  was  nothing  which  gave  so 
uniform  results  as  plaster  of  paris.  When  used  and  given  time  to  set, 
the  results  were  more  nearly  comparable  than  from  the  use  of  any  other 
material. 

Chaeles  Macdonai/d,  M.  Am.  Soc.  C.  E. — There  is  so  much  of  it 
that  looks  familiar  to  us,  that  to  many  who  have  been  all  over  this 
ground  before  it  seems  like  ABC;  but  if  any  point  suggests  itself,  we 
skordd  be  only  too  glad  to  hear  it. 
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Do  I  understand  correctly  that  there  is  a  circular  railroad,  some- 
thing of  this  character,  around  Berlin? 

W.  G.  Tkiest,  Jun.  Am.  Soc.  C.  E. — The  road  which  is  referred  to 
is  the  Berliner  Stadtbahn,  an  elevated  structure  which  crosses  the 
city  from  east  to  west  in  a  sinuous  line,  not  following  any  streets,  but 
cutting  through  the  blocks.  Outside  of  the  city  limits,  beyond  the 
junction  depots,  its  tracks  slope  down  and  connect  with  the  north  and 
south  belt  lines  which  completely  surround  Berlin,  and  with  the  eleven 
railroads  which  run  into  that  city.  The  strategic  desirability  of  con- 
necting effectually  the  eastern  and  western  railroads  led  originally 
to  its  construction,  but  the  Stadtbahn  has  now  become  an  indispensable 
factor  in  the  conveyance  of  local  traffic.  It  is  a  four-track  arched  via- 
duct, with  embankments  at  each  end  as  approaches.  Of  the  tracks, 
two  are  reserved  for  local  traffic,  while  the  other  two  are  traversed  by 
the  suburban  and  through  trains  of  the  connecting  railroads.  The 
length  of  the  viaduct  between  the  two  termini,  Schlesischer  Bahnhof 
and  Charlottenburg,  is  39  850  ft.  The  radii  of  the  curves  vary  be- 
tween 980  and  1  640  ft.  The  grades  are  from  0.2  to  0.8  per  cent.  Of 
the  entire  structure,  26  120  ft.  are  built  as  arched  viaduct,  and  5  980  ft., 
including  street  crossings  and  iron  bridges,  have  iron  superstructure. 
The  rest  consists  of  ordinary  embankment  and  embankment  between 
retaining  walls.  The  width  of  the  viaduct  is  51  ft.  from  face  to  face. 
This  width  accommodates  four  tracks,  but  does  not  leave  room  enough 
between  tracks  to  operate  and  repair  the  road  conveniently. 

The  arches  are  generally  of  50  ft.  span,  10  ft.  rise  and  curved  to  a 
radius  of  29  ft.  The  ground  plan  is  mostly  rectangular,  and  oblique 
arches  were  resorted  to  in  a  few  isolated  cases  only.  The  arches  have 
on  top  a  course  of  hollow  brickwork  carefully  arranged  for  drainage 
and  air  circulation.  The  drainage  is  carried  off  through  the  center  of 
the  piers.  All  arched  masonry  is  covered  with  a  water-proof  layer  of 
felt  and  asphaltum.  Above  the  arches  the  viaduct  is  finished  with  a 
low  retaining  wall  on  either  side,  which  confines  the  materials  of  the 
roadbed  aud  supports  the  coping  and  railing.  The  masonry  of  the 
foundations  and  of  the  piers  and  arches  consists  of  brick  laid  in 
hydraulic  cement.  The  masonry  is  plain,  with  little  attempt  at  orna- 
mentation, and  only  at  street  crossings  or  where  the  viaduct  runs 
parallel  to  a  street  for  some  distance  is  the  architectural  appearance 
of  the  structure  improved  by  stone  t  inutilities,  cornices  ind  reeessiug  of 
the  masonry.  The  foundations  did  not  present  particular  difficulties. 
Good  sharp  sand  was  found  within  a  few  feet  of  the  sm-face,  excepting 
in  a  few  exceptional  locations  which  were  originally  old  water-courses, 
ami  where  the  sharp  sand  was  encountered  at  greater  and  irregular 
depths  with  overlying  strata  of  peat.  The  viaduct  structure  is  founded 
either  on  masonry  direct,  on  masonry  or  concrete  between  sheet  piling, 
or    on    piles.       There     are    ('>.">    street    crossings   which,   on    account    of 
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the  limited  head  room,  were  mostly  constructed  as  iron  bridges  on 
massive  masonry  abutments.  Where  it  was  possible,  arch  bridges  were 
used,  but  beam  bridges  predominate.  The  length  of  span  of  the  latter 
varies  from  25  to  50  ft. ,  and  most  of  them  are  continuous  plate  girders, 
resting  on  four  supports.  The  floor  of  the  bridges  consists  of  galvan- 
ized buckle-plates  resting  upon  a  grating  of  angles.  The  convex  side 
of  the  plates  is  turned  downward,  and  is  perforated  by  a  hole  in 
its  center  which  connects  with  a  system  of  wrought-iron  leaders.  The 
plates  are  ballasted,  and  the  rails  and  ties  are  bedded  in  gravel.  All 
street  crossings  are  provided  with  sidewalks  and  hand  railings. 

The  River  Spree  is  crossed  three  times,  the  Landwehr  Canal  twice, 
and  a  canal  basin  once.  Of  these  six  bridges  two  are  built  of  stone, 
and  the  others  have  iron  superstructure  on  stone  piers.  One  of  the 
Spree  crossings,  which  is  on  a  curve  of  980  ft.  radius,  has  two  openings 
of  59  ft.  measured  at  right  angles;  the  arches  are  each  built  of  11  con- 
centric rings  of  masonry,  eight  of  which  carry  the  four  tracks.  The 
other  stone  bridge  crosses  the  canal  at  right  angles  and  has  one  open- 
ing of  80  ft. ;  of  the  four  iron  bridges,  one  is  a  two-hinged  arch,  cross- 
ing the  Spree  with  a  clear  opening  of  158  ft.  The  bridge  over  the 
canal-basin  is  the  largest  one  on  the  line,  with  five  openings  of  about 
100  ft.  each.  Each  track  is  carried  by  a  pair  of  single-web  system 
lattice  girders,  with  floor  beams  at  each  panel  point.  The  stringers 
are  trough-shaped  and  filled  with  gravel  in  which  the  sleepers  are 
bedded.  The  bridge  over  the  Spree  at  Bellevue  crosses  the  river  at  an 
angle  of  45°.  It  has  three  openings  of  56  ft.  in  the  clear,  and  the 
superstructure  consists  of  four  main  lattice  girders,  one  under  the 
center  of  each  of  the  four  tracks.  The  bridge  over  the  Kupfergraben 
has  two  spans  of  85  ft.  each.  There  are  two  two-hinged  plate  girder 
arches,  8.2  ft.  deep  for  each  track,  carrying  the  tracks  on  iron  floor 
beams. 

The  Stadtbahn  has  eight  stations  besides  the  two  terminal  depots. 
Out  of  the  10  depots,  five  are  used  for  local  traffic  only.  The  stations 
have  two  stories,  of  which  the  lower,  on  the  street  level,  contains  the 
ticket  offices,  waiting  rooms,  buffets,  etc.  Wide  staircases  give  access 
to  the  upper  platform,  which  is  on  a  level  with  the  road  and  covered. 
The  immense  arched  hall  at  the  Friedrich-Strasse  station  is  worth 
mentioning;  it  is  230  ft.  wide  and  492  ft.  long.  Those  at  Alexander 
Platz  and  at  the  Schlesischer  Bahnhof  are  also  very  large. 

The  total  first  cost  of  the  Berliner  Stadtbahn  is  $8  377  400  for  the 
acquirement  of  right  of  way,  and  f 9  482  900  for  construction.  The 
building  of  the  railroad  began  in  the  fall  of  1875.  The  road  was  opened 
for  traffic  in  May,  1882. 

C.  E.  Moore,  M.  Am.  Soc.  C.  E. — From  the  inception  of  the  enter- 
prise until  the  plans  were  completed  the  writer  was  in  the  service  of 
the  Fort  Street  Union  Depot  Company  as  Principal  Assistant  Engineer, 
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Mr.  C.  H.  Ellis  being  the  Chief  Engineer.  The  time  of  the  Chief 
Engineer  being  to  a  great  extent  occupied  by  the  litigation  incidental 
to  construction  in  a  large  city,  and  in  general  jdans  and  superintend- 
ence, the  calculation  and  detail  work  of  the  viaduct  devolved  cor- 
respondingly upon  the  writer.  Possibly  a  few  words  from  the  point 
of  view  of  the  company's  engineers  may  be  of  interest. 

The  conditions  imposed  generally  fixed  the  location  and  size  of 
columns,  clearance  under  cross-girders  and  bracing,  and  under  longi- 
tudinal bracing. 

Economy  generally  demanded  the  greatest  depth  of  cross-girder, 
and  the  largest  column  which  the  conditions  allowed.  Only  for  a  short 
distance  on  railroad  property  could  the  design  be  made  for  economy 
only.  The  result  was  necessarily  great  irregularity,  very  few  bents 
being  duplicates  one  of  another. 

To  satisfy  all  the  varying  conditions  and  to  get  the  matter  in  shape 
for  proposals,  plans  were  made  embodying  the  general  features  of  the 
design,  before  submitting  to  the  bridge  companies. 

The  length  and  depth  of  all  girders  were  determined  by  conditions 
as  above  noted.  The  position  of  longitudinal  girders  was  fixed,  it 
being  necessary  to  jdace  them  in  a  great  variety  of  positions  with  refer- 
ence to  the  columns.  In  many  cases  the  outside  girder  was  supported 
by  an  overhang  of  the  cross-girder  projecting  beyond  the  column. 

The  question  of  longitudinal  thrust  was  taken  up,  and,  after  con- 
siderable study  of  the  problem  as  affected  by  the  circumstances  of  this 
particular  case,  it  was  decided  to  make  each  section  between  expansion 
joints  self-supporting  as  regards  this  thrust  from  two  trains,  and  not  to 
rely  upon  the  track  connections,  etc.,  to  carry  it  from  one  section  to 
another. 

The  method  of  treatment  for  columns  was  fixed  upon,  anchoring 
the  base  and  thus  dividing  the  length  as  regards  flexure,  and  calcula- 
tions were  made  for  each  column.  The  weight  of  the  structure  was 
calculated  and  combined  with  the  maximum  live  load,  to  ascertain  the 
maximum  load  on  each  column  base. 

The  plans  were  then  submitted  to  the  bridge  companies,  leaving 
the  details  tor  design  by  the  contracting  company  subject  to  approval. 
I  think  Mr.  Sehaub  is  mistaken  in  saying  that  ••no  account  was  taken 
of  tlie  horizontal  displacement  of  the  live  load  due  to  friction." 

Referring  to  notes  of  calculations  I  find  the  following  determination 
of  required  column  sections: 

A  =  Section  of  column  in  square  inches. 

'/'        Bending  moment    from    longitudinal  thrust  on    one    track 
in    foot-pouiuls. 
M"  =  Bending  moment  from  wind  pressure. 
r'  =  Radius  of  gyration  in  inches  Longitudinally. 
r"  —  Radius  of  gyration  in  inches  transversely. 
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JY'  =  J  thickness  of  post  or  distance  from  neutral  axis  to  outer 

fiber,  taken  longitudinally. 
X"  =  Same,  taken  transversely. 
L  =  Length  of  column  in  feet  between  fixed  points. 
S  =  Strain  per  square  inch  from  direct  loading. 
S'  =  Strain  per  square  inch  on  outer  fiber  from  31'. 
S"  =  Strain  per  square  inch  on  outer  fiber  from  31" . 
By  the  specifications  s  +  s'  shall  not  exceed  12  000, 

and  s  -J-  s"         "  "  " 

Then  longitudinal  force  on  one  track  =  distance  between  expansion 
joints  X  600. 

Displacement  due  to  friction  =  longitudinal  force  X  Ht.  -|-  length 
of  fixed  span. 

The  lengths  of  the  two  columns  were  always  practically  equal,  and 
as  the  force  may  act  in  either  direction,  the  displacement  is  positive  for 
every  column. 
Also— 


and 


31'  =  £  longitudinal  force  x  -~  , 

_  [Load  +  displacement       31'  x  12  x  -ZV' 
-^  —       m  aaa r 


12  000  '     12  000  x  (r'f 

a  modification  of  above  being  made  for  posts  not  placed  symmetric- 
ally. 

For  wind  pressure  we  have — 

Wind  pressure  x  Ht. 


Displacement  = 

31   = 


Distance  c  to  c  of  columns' 

Wind  pressure       L 
t v  — 

2  2  ' 


and 


.        Load  +  displacement        31"  x  12  X  2f" 

A=~  -.O    AAA 1- 


12  000  '     12  000  x  (r")2  ' 

then  the  greater  value  of  A  is  taken  as  the  least  allowable  section,  that 
having  been  first  approximately  calculated  to  obtain  ?•'  and  r". 

The  following  is  a  classification  of  the  foundations,  giving  some  in- 
formation as  to  loads,  etc. 

There  is  also  appended  a  sketch  showing  the  arrangement  of  columns 
and  girders  at  the  crossing  of  the  Michigan  Central  Eailroad  tracks. 
This  portion  was  designed  to  provide  for  a  roadway  with  inclined 
approaches  on  one  side  of  the  viaduct  proper  and  a  sidewalk  on  the 
other.  The  foundations  for  these  columns  were  put  in  under  the  im- 
mediate supervision  of  the  writer,  but  when  he  left  in  May,  1891,  the 
roadway  portion  was  not  included  in  the  bridge  company's  plans,  and 
he  is  unable  to  say  whether  that  was  carried  out  or  not. 

There  was  in  the  alignment,  besides  some  light  curves,  one  5°  curve 
with  easements  at  each  end. 
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Statement  of  Classified  Foundations. 


Class. 

<See    foun- 
dation 

plans.) 

Greatest  load 
in  tons. 

Size  of  stone 
cap. 

Size  of 

concrete 

base. 

8'  x  8' 

Number  of 
piles. 

Number 

of  tons 

on  each 

pile. 

Tons  allow- 
able for 
150  lbs.  per 
square  iuch 
ou  concrete 

under 
stone  cap. 

Tons 
per 
square 
foot  on 
earth 
under 
con- 
crete. 

A 

97    at  84  a 
159     "  72  6 
180    '•  73  6 
212     "  50  6 
301|  "  49  * 
1771 

151?  at  91  a  and  b 
184* 

201 

2261 

3201 
164J 

192 

3'  x  3' 
3'  9"  x  3'  9" 

4'  x4' 
4'  6"  x  4'  6" 
5'  4"  x  5'  4" 
3'  9"  x  5'  0" 
3'  9"  x3'  9" 

4'  x4 

4'  0"  x5'  4' 
4'  6'   x4'  6" 

5'  4"  x  6'  0" 
4'  3"  x4'3" 

4'  6"  x4'  6" 

97.2 
151.9 
172.8 
218.7 
3U7.2 
202.5* 
151.9 
172.8 

230.4* 

218.7 

845.6* 

(195.0 
(218.7 

1.51 

B 

9 
9 

13 
16 
12 

17.7 
20.0 
16.3 

18.85 
14.8 

C 

D 

E 

H 

O 

10  x  10' 
11'  x  11' 

1.51 

K 

1.52 

Special   for 
41  6 

16 
(   Notes    \ 
\  not      at  \ 
(    hand.    ) 

22 

(    Notes    \ 
\  not  at   ' 
(    hand.    ) 

12  5 

S  p  e  c  i  al  > 

and  b. .) 

Special  for 

46  6 

14.6 

C     special, 
43  a 

'Designed  to  carry  roadway  column. 


J.  W.  Schaub,  M.  Am.  Soc.  C.  E. — The  principles  involved  in  the 
designs  of  a  structure  similar  to  this  viaduct  may  be  very  simple,  but 
the  fact  was  brought  out  three  years  ago  that  there  are  very  few- 
structures  of  this  kind  which  are  properly  designed.  Previous  to 
making  the  detail  plans,  the  writer  made  an  examination  of  some  of 
the  most  important  elevated  structures  in  this  country,  especially  in 
the  East,  and  found  the  following  salient  features : 

First. — Lack  of  projier  provision  against  longitudinal  force  due  to 
friction. 

Second. — Imperfect  connections  at  expansion  joints. 

Third. — Imperfect  distribution  of  the  pressure  on  the  masonry.  The 
writer  now  recalls  one  important  structure  where  the  bases  of  the 
columns  were  imbedded  in  the  earth,  owing  to  some  slight  changes  in 
the  grade  of  a  street.  Here  the  bases  were  of  wrought  iron,  and  the 
action  of  the  rust  had  eaten  away  the  metal  so  as  to  reduce  the  sections 
by  about  one-half,  and  in  many  cases  the  rivet  heads  were  entirely 
eaten  away.  Again,  it  was  found  the  rule,  where  anchorage  was  pro- 
vided, to  fix  the  ends  of  the  columns,  the  connections  for  the  anchor 
rods  to  columns  were  entirely  inadequate  to  develop  the  strength  of 
the  rods.  It  occurred  to  the  writer  at  that  time  that  a  suitable  base 
for  a  column  was  a  casting  high  enough  to  keep  the  end  of  the  column 
away  from  the  ground.  The  casting  had  advantages  which  were  two- 
fold.    It  was  better  able  to  withstand  the  action  of  the  rust,  because 
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the  sections  would  be  made  heavier  than  in  any  form  of  wrought  base. 
Again,  it  can  be  so  designed  as  to  distribute  the  pressure  over  the 
masonry  much  more  effectively  and  much  cheaper  than  by  any  other 
means.  Mr.  Moore  is  mistaken  in  regard  to  the  computations.  This 
viaduct  was  designed,  and  all  of  the  computations  were  made,  either 
by  the  writer  himself  or  by  his  assistant,  Mr.  F.  C.  McMath,  and  no 
account  was  taken  of  the  horizontal  displacement  due  to  friction. 
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RAINFALL  AND   RIVER-FLOW. 


Bv  Cyrus  C.  Babb,  Juu.  Am.  Soc.  C.  E. 


The  futility  of  basing  computations  of  discharge  for  any  river  upon 
percentages  of  the  average  monthly  rainfall  in  its  basin  has  become 
pretty  well  recognized.  It  is  desirable,  therefore,  that  another 
method,  giving  similar  results  and  with  a  fair  degree  of  accuracy,  be 
found  if  possible.  The  results  of  any  stream  gaugings,  to  be  of  value, 
necessarily  require  that  they  cover  a  considerable  period  of  time, 
which  is  generally  beyond  the  limits  of  the  average  engineer  to  carry 
out,  both  financially  and  in  point  of  time.  A  great  misconception 
exists  in  the  minds  of  many  engineers  as  to  the  percentage  of  the 
annual  rainfall  that  finds  its  way  into  the  rivers.  One  western  en- 
gineer that  the  author  knows  of  used  in  designing  certain  works  for 
irrigation  as  high  as  60%',  when  one-half  of  it  would  have  been  nearer 
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the  truth.  Of  course,  such  errors  are  the  due  result  of  lack  of  informa- 
tion and  of  data  upon  the  subject  in  question. 

The  present  paper  seeks  to  bring  out  certain  facts  in  regard  to  the 
flow  of  streams  as  shown  by  the  gaugings  of  rivers  in  the  United  States. 
All  of  the  available  data  bearing  upon  the  subject,  much  of  which  has 
never  been  published  before,  were  compiled,  and,  together  with  the 
results  of  certain  original  investigations  by  the  author,  were  digested 
for  this  article.  A  method  is  given  for  estimating  monthly  discharges 
based  upon  the  percentages  of  annual  run-off  to  rainfall,  and  upon  the 
distribution  or  percentages  by  months  of  the  entire  flow  for  the  year 
for  different  basins  in  the  United  States.  A  brief  description  of  the 
controlling  factors  of  discharge  for  several  drainage  basins  will  be 
given. 

The  Connecticut  River  rises  in  northern  New  Hampshire  and  flows 
in  a  generally  southern  course  for  about  375  miles  until  it  reaches  the 
sea.  The  total  drainage  area  is  11  083  sq.  miles,  apportioned 
among  the  different  political  divisions  as  follows  :  Canada,  156  sq. 
miles  ;  New  Hampshire,  2  986  ;  Vermont,  3  810  ;  Massachusetts,  2  705, 
and  Connecticut,  1  426  sq.  miles.  The  river  flows  through  a 
glaciated  region,  and  as  a  natural  consequence  the  basin  contains  a 
large  number  of  lakes  and  springs  that  tend  to  regulate  the  dis- 
charge, reducing  the  intensity  of  floods  and  increasing  the  summer 
flow. 

The  topography  of  the  basin  is  hilly  and  even  mountainous.  The 
older  rocks,  granites,  gneisses  and  schists,  are  found  in  the  mountains  ; 
while  the  glacial  drift,  composed  of  clays  and  sands  interspersed  with 
boulders  of  all  sizes,  occurs  in  the  valleys.  One  notable  formation  is 
the  belt  of  triassic  red  sandstone  extending  from  the  northern  Massa- 
chusetts boundary  south  to  the  coast. 

Numerous  rapids  and  falls  occur  throughout  the  course  of  the  river. 
From  its  source  to  the  New  Hampshire-Massachusetts  State  Hue,  a 
distance  of  240  miles,  there  is  a  total  fall  of  1  830  ft.,  giving  a  grade  of 
7.6  ft.  per  mile.  From  there  to  the  mouth,  a  distance  of  135  miles, 
the  total  fall  is  205  ft.,  or  1.5  ft.  per  mile.  For  its  entire  length  the 
fall  averages  5.4  ft.  per  mile.  In  Vermont  and  New  Hampshire  the 
river  drains  elevations  of  from  4  000  to  6  00(1  ft. 

The  investigations  of  the  Engineer  Corps,  U.  S.  A.,  in  this  basin. 
give  results  of  great  value   for  the  study  of  this  and  similar   water- 
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sheds.  Their  discharge  measurements  cover  a  period  from  1871 
to  1879,  with  daily  gauge-height  records  to  end  of  1885  and  partial 
ones  since  that  date  to  the  present  time.  Access  was  had  to 
considerable  unpublished  daily  rainfall  data  of  the  Weather  Bureau 
which  are  also  incorporated  into  this  article.  Table  No.  1  gives  by 
months  and  years  the  average  rainfall,  the  average  discharge,  and  the 
relation  between  these  two,  or  the  percentage  of  discharge  to  rainfall, 
for  the  Connecticut  basin  from  1871  to  1885,  inclusive,  except  for  1882 
and  1883,  for  which  the  data  could  not  be  obtained.  Column  1  gives  the 
means  of  the  records  of  12  rainfall  stations  distributed  quite  uniformly 
throughout  the  basin.  Column  2  the  monthly  run-off  in  inches,  i.  e., 
if  the  total  flow  for  the  month  were  spread  over  a  plain  of  the  size  of 
the  drainage  area  at  the  point  of  measurement  it  would  cover  it  to  the 
depth  specified  in  the  table.  Column  3  gives  the  percentage  of  dis- 
charge to  monthlv  rainfall. 


TABLE  No.  1. 


1871. 

1872. 

1873. 

1874. 

Month. 

a  J 

a  o 

K  a 

I1' 

1— 1 

"3 

o 
u 

a  *■ 

£  o 

S  a 

£  1 

o  -^ 

p=<  a 

s 

p 

PH 

a"  1 

l-s 

Pn  a 

a 
Ph 

.5,a 

a    O 

a  a 

.   00 

P=.  a 

a 
o 
o 
u 

o 

en 

1.70 
2  10 

123 

.77 

72.5 
36.7 

3.97 
2  82 

2.71 
1.90 

68.2 
67  4 

4  21 
2.68 

5.70 
4  06 

135.6 

February. . 

2.60 

1.87 

72.0 

151.6 

March.  . . . 

4.30 

5.64 

131.1 

2  50 

.90 

36.0 

381 

1.82 

47.8 

2.17 

3.00 

138.4 

April 

3.20 

2.74 

85.6 

1.61 

5.50 

344.0 

1.85 

7.61 

412.3 

6  52 

2.61 

40.0 

3.40 

3.42 

100.0 

4  41 

346 

78.5 

2.70 

5.84 

217.0 

3.95 

5  86 

146.9 

3.50 

.99 

28.3 

5.56 

2.64 

47.5 

1.68 

1.18 

70.3 

4.76 

3.11 

65.4 

•July 

4.10 

.69 

16.8 

5  49 

1.13 

20.6 

5.28 

.80 

15.2 

6.09 

2  32 

38.2 

August 

5.80 

.80 

13.8  1 

7.91 

2.52 

32  1 

3.15 

.73 

23.2 

3.52 

1.19 

33.8 

Septernb'r. 

1.50 

.85 

56.7 

4.33 

2.24 

51.8 

4.63 

.74 

16.0 

2.74 

.73 

26.7 

October . . . 

3.70 

102 

27.6 

3.62 

1.76 

48.6 

6.84 

2.81 

41.1 

2.81 

.81 

28.9 

November. 

3.00 

1.65 

55.1  1 

4.47 

2.64 

59.1 

3.57 

1.67 

46.8 

2.21 

67 

30.4 

December. 

2.60 
37.70 

144 

55.4  j 

3.01 

1.92 

63.8 

3.55 

2  81 

79.2 

1.58 

.75 

47.6 

21.11 

56.2 

46.71 

26.71 

56.6 

43.85 

30.62 

69.9 

43  24 

30.81 

71.4 
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1875. 

1876. 

1877. 

1878. 

Month. 

a  ° 
as  a 

«  0 

.    00 

£.3 

So 

a 

u 

•2,a 

CO    o 

«  a 

a 
a 
o 
u 
o 
04 

.   03 

KB 

°o 

E  a 

a 
o 
o 

h 

a 

.    X 

a  ® 

■3-3 

Flow. 
Inches. 

Percent. 

January... 
February  . 
March 

July      .... 
August. ... 
Septemb'r. 
October . . . 
November. 
December. 

3.24 
3.31 
3.77 
2.76 
2.85 
4.44 
3  66 
6.45 
3.41 
4.44 
3.51 
1.23 

.72 
1.13 
2.05 
6.14 
4.68 
1.49 

.96 
1.34 

.73 
1  15 
1.72 
1.84 

22.2 
34.2 
54.3 

222.1 
164.5 
33.6 
26.2 
20.8 
214 
25.9 
49.0 
149.5 

2.48 
5  02 
6.77 
3.21 
3.79 
444 
6.10 
1.97 
5  30 
2.14 
3.13 
3.83 

2.98 
2.70 
3.94 
6.74 
6  54 
1.72 
.93 

:S 

.71 
.85 
.72 

120.1 
53.8 
58.2 
210.0 
172.8 
38.8 
15.3 
35.6 
13.6 
33.2 
27.2 
18.8 

2  61 
.79 
7.02 
2.77 
1.07 
4.64 
4.76 
4.60 
1.45 
5.79 
5.84 
1.58 

.73 

.78 

3.91 

4.64 

1.90 

.88 

1.07 

.96 

.76 

1.33 

3.18 

1.95 

31.6 

99.0 

55.7 

167.5 

177  6 

19.0 

22.5 

20.9 

52.5 

23.0 

54.5 

123.4 

3.87 
3.42 
3.10 
6.78 
3.14 
5.07 
3.72 
4.80 
2.76 
3.38 
4.42 
5.74 

1.66 

2  04 
3.65 
5.15 

3  57 
1.51 

.85 

1.09 

.84 

.77 

1.45 

4.93 

42.9 
59.6 

117.6 
76.0 

1138 
29.8 
22.9 
22.8 
30.4 
22.8 
33.0 
86.0 

43.07 

23.95 

55.6 

48.18 

29.15 

60.6 

4292 

22.09 

51.5 

50.20 

27.51 

54.7 

Month 


1879. 


•  1880. 

Eain. 

Flow. 

Per- 

Inches. 

Inches. 

cent. 

3.58 

1.67 

46.6 

3.01 

2.22 

73.8 

2.63 

2.92 

111.0 

2.73 

3.46 

127.1 

2.10 

2.02 

96.3 

2.79 

.90 

32.3 

5.43 

.85 

15.7 

3.60 

.70 

19.5 

4.28 

.66 

15.4 

4.15 

.77 

18.6 

3.15 

1.19 

37.8 

2.57 

.89 

34.6 

40.02 

18.25 

45.6 

Rain. 
Inches. 


3.82 
3.62 
4.41 
1.60 
4.91 
3.83 
4.05 
3.42 
2.08 
4.17 
5.13 
5.99 


1881. 


46.93 


Flow. 
Inches. 


.87 

1.75 

3.91 

3.80 

4.80 

1.25 

.86 

.82 

.82 

.76 

1.71 

2.53 


23.88 


Per- 
cent. 


22.8 
48.3 
88.6 
253.6 
97.6 
33.6 
21.2 
24'5 
39.4 
18.2 
33.3 
40.6 


51.0 


1884. 

1885. 

Month. 

Rain. 
Inches . 

inchls.         *"-*■ 

Rain. 
Inches. 

Flow. 
Inches. 

Percent. 

3.81 
4.75 
4.56 
2.65 

1.31 
3.60 
3  59 
6. 93 

33.4 
75.9 

7S.K 

252.1 
110.4 
43.6 
16.6 
17.3 
40.1 
23.2 

39  <; 

44.4 

4.14 
2.92 
1.47 
2.79 
2.43 
3.20 
3.56 
s  06 
1.84 
4.72 
5.20 
3.29 

3.89 

1.60 
1.32 
2. 86 

2.  ill 
1 .  28 

.S'.l 
1.03 

.88 

1.13 
3.60 
2.36 

93.9 
51.4 
89.6 

102.4 

3.90                 4.30 
2.75                  1.20 
5.17                   -86 

119.7 

40.0 
25.0 

November 

4.22 
1.80 
3.15 
3.56 
4.83 

.73 

.72 

.73 

1.16 

2.15 

12.8 
47. 8 
24.0 
69.3 
72.0 

45.15 

27.30 

60.4 

43.62 

23.65 

54.3 
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In  Table  No.  2  the  averages  for  the  preceding  table  are  given  : 
column  1,  the  average  monthly  precipitation  for  the  entire  13  years; 
column  2,  the  average  discharge,  and  column  3,  the  percentage  of  these 
averages.  The  next  three  columns  give  the  so-called  smoothed-out 
values  for  these  figures,  computed  by  the  formula  £  («  +  2b-\-c).  Thus 
the  value  3.35  ins.  for  February  was  obtained  by  £  (3.27  +2  X  3.10  + 
3.91)  =  3.35.  By  this  method  abnormal  observations  are  eliminated,  and 
when  the  figures  are  treated  graphically  the  resultant  is  a  more  char- 
acteristic curve. 

Connecticut  Basin. 

TABLE  No.  2. 


Mouth. 

Average 
rain. 

Average 
flow. 

Percent. 

Smoothed 
rain. 

Smoothed 
flow. 

Smoothed 
percent. 

Inches. 
3.27 
3.10 
3.94 
3.26 
3.17 
4.00 
4.79 
4.87 
3.04 
3.93 
3.93 
3.39 

Inches. 
1.93 
2.04 
3.00 
4.73 
4.19 
1.46 
1.02 
1.06 
.89 
1.11 
1.76 
2.06 

59.1 
65.8 
76.3 
145.0 
132.2 
36.5 
21.3 
21.8 
29.3 
28.3 
44.8 
60.7 

Inches. 
3.26 
3.35 
3.56 
3.41 
3.40 
3.99 
4.61 
4.39 
3.72 
3.71 
3.80 
3.50 

Inches. 
1.99 
2.00 
3.19 
4.16 
3.64 
2.04 
1.14 
1.01 
.99 
1.22 
1.67 
1.98 

61.2 
66.8 
90. 9 

124.6 
111.5 

July 

December 

56.2 
25.2 
23.5 
27.2 
32.7 
44.6 
56  3 

Totals 

44.69 

25.25 

56.5 

CONNECTICUT POTOAAAi 

AVERAGE.  CURVES  ro*A  SERIES  or  YEARS 
CONNECTICUT  and -POTOMAC  RIVERS. 
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Fig.  1  is  Table  No.  2  treated  graphically.  It  brings  out  the  nature 
of  the  Connecticut  discharge.  April  and  May  are  the  flood  months, 
with  percentages  over  100.  Although  the  maximum  point  of  the  rain- 
fall curve  is  attained  in  July,  practically  the  minimum  points  for  the 
other  two  curves  occur  in  this  month.  For  purposes  of  comparison  are 
shown  the  similar  curves  for  the  Potomac  River  as  given  in  the  author's 
paper  on  "Hydrography  of  the  Potomac  Basin,"  in  Vol.  XXVII,  page 
21,  of  the  Transactions  of  the  Society.  The  Connecticut  curves  are  in 
full,  and  the  Potomac  ones  in  dotted,  lines.  Comparing  the  rainfall 
curves  of  the  former  stream  with  those  for  western  Massachusetts  as 
given  by  Mr.  Desmond  FitzGerald  in  his  recent  paper  on  "Rainfall 
and  Flow  of  Streams,"  in  Vol.  XXVII,  page  253,  of  the  Transactions,  a 
wonderful  uniformity  is  discovered;  three  maximum  points  occur  in  all 
of  the  curves  in  March,  July  and  November.  When  it  is  considered 
that  the  Connecticut  curve  is  the  resultant  of  the  means  of  12  stations 
for  13  years,  this  coincidence  is  significant  and  cannot  be  considered 
simply  a  matter  of  chance. 

Tables  Nos.  3,  4,  5,  6  and  7,  for  the  Sudbury,  Croton,  Neshaminy, 
Potomac  and  Savannah  Rivers  respectively,  are  similar  to  Table  No.  '2. 
For  the  first-named  stream  the  data  were  obtained  from  Mr.  Fitz- 
Gerald's  paper  above  referred  to;  for  the  Croton,  from  the  report  of  the 
State  Geologist  of  New  Jersey  for  1890,  and  for  the  Savannah  River, 
from  computations  based  upon  the  work  of  the  Army  engineers  in  that 
basin.  The  Neshaminy  data  were  obtained  from  the  reports  of  the 
Philadelphia  Water  Board. 

TABLE   No.  3. 
Sudbury    Basin. 


Month. 

Average 
rain. 

Average 
flow. 

Percent. 

1 
Smoothed 
rain. 

Smoothed      Smoothed 
flow.           percent. 

January 

Inches. 
4.18 
4  06 
4.58 

Inches. 
2.05 
3.18 
fi.O'2 

49.1 

7S   ;, 

no.o 

109.0 
62.5 
29.2 
9.0 
IH.O 
14.2 
23.2 
89.4 
52.7 

Inches. 
4.03 
4.22 
4.14 
3.61 
3.18 
3.24 
3.69 
3.87 
3.78 
4.04 
4.09 
8.98 

Inches. 
2.31                 57.4 
3.36                 79  (i 
4.21                101  9 

3.32                  3.62 
3.20                  2.00 
2.98                    .87 
3.78                   -34 
4.23                    .55 
8.28                    .46 
4.41                     1.02 
4.11                   1.62 
3.71                   1.95 

HV  (', 

2. 12                 65  B 

1.02                 32.5 

.53                  15  1 

September 

.48 

.68                16.2 
1.08                 26.0 
1.55                 88.7 
1.89                 48.6 

45.80 

22.67 

49.5 
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TABLE  No.  4. 
Croton  Basin. 


Month. 

Average 
rain. 

Average 

flow. 

Percent. 

Smoothed 
lain. 

Smoothed 
flow. 

Smoothed 
percent. 

Inches. 
3.65 
3.30 
4.38 
3.04 
3.28 
3.66 
3.92 
3.70 
4.00 
4.00 
3  98 
3.53 

Inches. 
2.12 
2.47 
3.80 
3.51 
2.44 
1.06 

.60 
1.05 

.93 
1.01 
J.  33 
2.04 

58.2 
74. 'J 
89.6 
96.5 
74.4 
29.0 
15.3 
28.0 
•23.3 
25.3 
33.4 
57.8 

Inches. 
3.53 
3.05 
3.92 
3.73 
3.47 
3.03 
3.82 
3.80 
3.94 
4.00 
3.87 
3.64 

Inches. 
2.19 
2.72 
3.40 
3  32 
2.3* 
1.29 

.83 

.91 

.98 
1.07 
1.4.3 
1.90 

62.3 
74.4 

87.7 

89.2 

Mav 

68.6 

July 

36.9 
21.9 

23.7 

25.0 
20.8 
37.5 
51.8 

Totals 

45.08 

22.30 

49.0 

TABLE  No.  5. 
Neshaminy  Basin 


Month. 

Average 
rain. 

Average 
flow. 

Percent. 

Smoothed 
rain. 

Smoothed 
flow. 

Smoothed 
percent. 

Inches. 
4.28 
4.42 
3.88 
3  OS 
3.75 
4.31 
6.05 
4.91 
3.88 
4.04 
3.84 
3.78 

Inches. 
3.98 
4.22 
3.51 
2.19 
1.03 
.75 
1.34 
1.35 
1.18 
1.34 
1.73 
2.56 

9?.l 
95.2 
90.5 
71.6 
27.6 
17.4 
22.2 
27.5 
30  4 
33.2 
45.1 
67.8 

Inches. 
4.17 
4.25 
3.81 
3.44 
3.47 
4.01 
5.33 
4  94 
4.18 
4.20 
3.88 
3.92 

Inches. 
3.69 
3.98 
3.36 
2.23 
1.50 
.98 
1.19 
1.31 
1.26 
1.40 
1.84 
2.71 

87.5 
93.5 
87.0 
65.3 

May 

36.1 

21.2 

July 

August 

September    , 
October...   .... 

22.3 
26  9 
30.4 
35.7 
42.8 
68.5 

Totals 

50.20 

25.18 

50.1 
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TABLE  No.  6. 
Potomac    Basin. 


Month. 

Average 
rain. 

Average 
flow. 

Percent. 

Smoothed 
rain. 

Smoothed      Smoothed 
flow.            percent. 

Inches. 
3.21 
3.35 
4.39 
3.48 
5.11 
5.25 
4.89 
3.81 
3.86 
2.65 
2.88 
2.59 

Inches. 
2.09 
3.36 
3.62 
3.51 
2.36 
1.93 
1.00 
.78 
1.06 
1.21 
1.79 
1.32 

65.2 
100.1 
82.6 
101.0 
46.3 
36.8 
20.5 
20.5 
•27.5 
45.7 
62.3 
51.1 

Inches. 
3.09 
3.57 
3.90 
4.12 
4.74 
5.12 
4.71 
4.09 
3.54 
3.01 
2.75 
2.82 

Inches. 
2.21                 70.4 
3.11                 87.0 
3.53                91.8 

3.25                 82.7 

2.54                 57.6 

1.81                  35.1 

July 

1.18                24.6 

.91                 22.3 

September 

1.03                30.3 
1.32                 45.3 
1.53                55.4 
1.63                  57.4 

Totals 

45.47 

24.03 

53.0 

TABLE  No.  7. 
Savannah    Basin 


Month.             Average 
rain. 

Average 
flow. 

Percent. 

Smoothed 
rain. 

Smoothed 
flow. 

Smoothed 
percent. 

Inches. 
4.34 
3.47 
4.86 
2.08 
4.05 
4.44 
6.46 
4.59 
3.70 
3.03 
1.68 
2.71 

Inches. 
2.50 
2.59 
3.13 
1.99 
1.51 
1.41 
1.47 
1.96 
1.73 
1.26 
1.33 
1.31 

57.6 
74.6 
64.4 
95.7 
37.3 
31.8 
22.8 
42.7 
46  8 
41.6 
79.1 
48.1 

Inches. 
3.72 
4.01 
3.83 
3.27 
3.65 
4.85 
5.49 
4.83 
3.77 
2.86 
2.27 
2.86 

Inches. 
2.22 
2.70 
2.71 
2.15 
1.61 
1.45 
1.58 
1.78 
1.67 
1.39 
1.31 
1.61 

59.5 
67.8 
74.8 

April 

73.3 

50.5 

30.9 
30.0 

38.8 

44. G 

52.3 
62.0 
58.2 

Totals 

45.41 

22.19 

48.9 

In  Figs.  2  and  3  these  tables  are  also  represented  graphically, 
similar  to  Fig.  1.  The  Sudbury,  Croton  and  Neshaminy  are  relatively 
small  basins,  having,  respectively,  76,  353  and  139  sq.  miles  of  drainage 
area;  but  in  the  form  as  presented  in  the  tables,  the  results  are  compar- 
able with  the  larger  streams. 

Daily  gange-height  observations  have  been  maintained  on  the 
Savannah  Kiver  since  1875  by  the  Weather  Bureau.  Taken  in  con- 
junction with   the  discharge   measurements   made   by  the   Engineer 
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Corps,  the  daily  discharges  for  this  period  have  been  computed.  An 
inspection  of  the  results  has  shown,  however,  that  reliance  can  only  be 
placed  upon  the  computations  since  1884,  so  that  the  figures  for  the 


CRO  TON -^Z^SUDB  URY 

AVERAGE  CURVES  ron  a  SER/ES  of  YEARS 
CROTON  and  SUDBURY  RIVERS. 

F/G.3 


SAVANNAH N£SHAMINY 

AVERAGE! CURVES  roAA  SER/ES  or  YEARS 
SAVANNAH  and  NESHAMlNY   RIVERS, 
years  previous  to  that  date  have  been  excluded  from  this  discussion. 
The   only   rainfall   data   obtainable   were  the    records    for   Augusta, 
Ga. ,  which  are  taken  as  the  average  for  the  basin. 
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The  Savannah  River  is  formed  by  the  junction  of  the  Tugaloo  and 
Seneca  Rivers  at  Andersonville,  Ga. ,  and  flows  in  a  south-easterly 
direction  to  the  sea.  The  total  fall  of  the  river  between  Andersonville 
and  Augusta  is  400  ft.,  occurring  in  a  distance  of  106  miles,  and  giving 
a  grade  of  nearly  4  ft.  to  the  mile.  The  river  between  Andersonville 
and  Petersburg,  a  distance  of  55  miles,  has  a  fall  of  288  ft.,  or  an 
average  of  5.25  ft.  per  mile.  From  the  latter  point  to  Augusta  the 
slope  is  2. 2  ft.  per  mile.  The  drainage  area  of  the  river  at  Augusta  is 
7  294  sq.  miles. 

An  inspection  of  all  the  above  curves  shows  that  their  character  is 
dependent  upon  the  geographical  positions  of  the  respective  rivers. 
The  farther  south  the  rivers  are,  the  more  uniform  are  their  average 
curves.  Taken,  however,  by  individual  years  the  reverse  is  the  rule. 
The  northern  streams  are  characterized  by  an  annual  spring  flood,  the 
waters  gradually  rising  in  March  or  April,  maintaining  this  high  level 
for  a  few  weeks  and  declining  through  June  and  July,  with  a  low-water 
stage  for  the  rest  of  the  year.  The  southern  streams,  on  the  contrary, 
are  subject  to  freshets  throughout  the  year,  rising  to  considerable 
heights  and  then  disappearing  in  a  day  or  so.  These  phenomena  are 
due  to  two  causes,  climatic  and  topographic.  The  northern  spring 
floods  result  from  the  gradual  melting  of  the  winter  snows,  their  in- 
tensity being  controlled  by  the  characteristic  topography  of  the 
northern  valleys — one  might  almost  call  it  an  accidental  feature — that 
is,  to  the  occurrence  of  glacial  drift  in  the  entire  northern  section  of 
the  country.  Owing  to  the  absence  of  this  feature  in  the  southern 
valleys  a  rain  falling  upon  a  certain  water-shed  soon  finds  its  way  into 
the  river  channels.  For  the  entire  year,  however,  the  percentage  of 
the  rainfall  that  finds  its  way  into  the  rivers  is  about  the  same  for  all 
sections. 

Fig.  4  gives  the  daily  discharges  of  the  Connecticut  River  for  the 
year  1873,  and  for  the  Potomac  River  for  1890.  These  two  diagrams 
are  typical  for  their  respective  streams,  and,  in  fact,  are  representa- 
tive, one  of  a  northern  and  the  other  of  a  southern  river. 

In  Table  No.  8  are  given  the  totals  for  the  year  tor  the  several 
basins  under  discussion.  For  the  three  smaller  basins  the  percentages 
of  annual  discharge  to  precipitation  are  noticeable,  'as  they  vary  very 
slightly  from  each  other,  averaging  49.7  per  cent.  The  Savannah  per- 
centage i>  very  near  to  it,  48.9  per  cent.     For  the  two  larger  rivers,  the 
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Potomac  and  Connecticut,  the  percentages  are  larger,  being  respect- 
ively 53.0  and  56.5. 

ric.  h. 


8QO0O 


VQOOO 


Daily  meGst  uischarge  (si  cubic  fe*X  per  sesvynd  of  tfie 
CONNECTICUT  a*d  POTOMAC   RIVERS." 
TABLE  No.  8. 


RlVKR. 

Drainage 

Area. 

Annual 
Rainfall. 

Annual 
Discharge. 

Percentage. 

Square  miles. 
76 

10  234 
:j53 
139 

11  043 
7  291 

2  000 
17  615 

1  060 

3  060 
1  400 

12  260 
C  000 

640 

10  100 

9  875 

9  900 

1  670 

400 

lucnes. 
45.80 
44.69 
45.08 
50  20 
45.47 
45.41 
20.00 
14.(0 
13.70 
11   F0 
30.70 
12.00 
13.00 



18  £0 
13.00 

18.50 

Inches. 

22.67 

25.25 

22.36 

25.18 

24.03 

22.19 

13.00 

4.00 

4.23 

3.53 

12.84 

3.50 

5.40 

11.40 

12.50 

2.10 

0.60 

10.00 

24.00 

49.5 

56.5 

49.6 

50.1 

53.0 
48.9 

65.0 

28.6 

30.8 

Salt 

30.9 
41.9 
29.2 

Bar 

41.5 

67.6 

16.2 

Malheur 

Carson,  Xev 

54.1 
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In  Table  No.  9  the  question  of  run-off  is  treated  in  another  way. 
In  it  the  percentage  of  the  entire  discharge  for  the  year  flowing  off  in 
each  month  is  given  for  a  number  of  basins  throughout  the  United 
States.  The  data  for  the  western  half  were  obtained  from  the  work  of 
the  Irrigation  Division  of  the  United  States  Geological  Survey  in  that 
section.  The  results  for  the  Mississippi  and  Ohio  Rivers  were  com- 
puted from  the  work  of  the  Army  engineers.  They  are  for  the  year 
1882  alone,  but  are  considered  not  far  from  the  average.  The  station 
for  the  upper  Mississippi  is  at  Grafton,  111.,  just  above  the  junction 
with  the  Missouri,  with  a  drainage  area  of  164  534  sq.  miles.  The 
station  on  the  Missouri  River  is  at  St.  Charles,  Mo.,  just  above  its 
mouth,  with  a  drainage  area  of  526  500  sq.  miles.  The  results  are  the 
means  of  12  years'  observations,  from  1879  to  1890,  inclusive.  On  the 
Ohio  River  the  measurements  were  made  at  Paducah,  Ky.,  where  the 
drainage  area  is  200  500  sq.  miles.  For  the  lower  Mississippi  the 
station  is  near  its  mouth,  at  Carrollton,  La.,  with  a  drainage  area  of 
1  214  000  sq.  miles. 

The  percentages  for  the  western  streams  are  grouped  by  localities 
or  States,  and  are  the  means  for  several  streams  for  a  number  of  years. 
Owing  to  similar  meteorologic  and  topographic  conditions,  the  results 
for  the  separate  basins  do  not  vary  greatly  from  each  other  or  from  the 
mean  for  each  locality.  In  Montana  the  results  of  work  on  the  upper 
Yellowstone,  Madison,  Gallatin  and  upper  Missouri  are  averaged  ;  for 
Colorado,  the  Cache  la  Poudre,  Arkansas  and  Rio  Grande  ;  Arizona, 
Salt  and  Gila  Rivers  ;  Nevada,  Carson  and  Truckee  ;  Utah,  the  rivers 
draining  into  Great  Salt  Lake  ;  Eastern  Idaho,  Henry  Fork  Falls, 
Teton  and  Upper  Snake,  and  Eastern  Oregon,  the  Weiser.  Malheur 
and  Owyhee  Rivers. 

Table  No.  9  can  be  used  in  various  ways.  If  the  average  flow  for  a 
certain  month  for  any  stream  is  known,  then  from  this  table,  by  taking 
the  percentages  of  the  locality  in  which  the  stream  occurs,  the  dis- 
charges  for  the  other  months  and  for  the  entire  year  may  be  obtained. 
Knowing  the  annual  rainfall  for  a  certain  basin,  from  Table  No.  8, 
taking  the  percentage  of  the  locality  in  which  the  stream  occurs,  the 
annual  discharge  can  be  computed,  then  from  Table  No.  9,  the  monthly 
distribution  of  this  annual  discharge  can  be  found. 

It  is  considered  for  several  reasons  that  more  accurate  results  can 
be  obtained  by  this   method  of  computation  than  from  figuring  dis- 
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charges  from  records  of  monthly  rainfall.  To  begin  with,  there  is  no 
uniformity  in  the  percentages  of  monthly  flow,  as  is  shown  by  the  in- 
spection of  Table  No.  1.  On  the  other  hand,  the  yearly  percentages  of 
run-off,  as  given  in  Table  No.  8,  have  not  a  great  variation  in  range,  nor 
have  the  percentages  of  monthly  discharges,  as  given  in  Table  No.  9. 

r/G.  5 


MONTHL  Y  PERCENTAGE  orD/SCHARGE 

The  rainfall  records  for  the  western  States  are  very  unsatisfactory ; 
little  data  for  precipitation  in  the  mountains  are  in  existence,  as  most 
of  the  rainfall  stations  are  out  upon  the  plains  or  in  the  valleys.  In 
some  cases,  in  Table  No.  8,  blanks  had  to  be  left  in  the  rainfall  column. 
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Table  No.  9  is  represented  graphically  in  Figs.  5  and  6.  They  also 
bring  out  the  characteristics  of  the  average  curves  for  rivers  of  differ- 
ent sections  ;  that  is,  the  curves  for  the  southern  rivers  are  of  a  more 
uniform  character  than  those  for  the  northern  ones. 

TABLE  No.  9. 

Monthly  Percentages  of  Flow. 


Basin. 

Jan. 

9.0 
7.6 
9.5 

15.8 
8.7 

11.3 
5.7 
4.3 

18.9 

10.0 
3.2 
3.9 

17.7 
2.7 
4.6 
3.9 
1.4 

Feb. 

Mar. 

Apr. 

May. 

June. 

July.     Aug. 

Sept.     Oct. 

Nov. 

Dec. 

Connecticut. . . 

Nesharniny . . .  . 

Savannah  

Miss.,  upper. . . 

Ohio 

Miss.,  lower  . .. 

Utah 

14.0 

8.1 

11.0 

16.8 

14.0 

11.7 

6.0 

6  5 

19.9 

10.5 

3.4 

4.0 

15.7 

2.7 

4.9 

4.0 

4.3 

22.2 

11.9 

17.0 

13.9 

15.1 

14  0 

9.2 

8.5 

17.7 

12.7 

3.6 

3.9 

25.1 

4.6 

8.2 

4.0 

26.9 

16.0 

18.7 
15.7 

K.7 

14.6 

9.0 

12.4 

12.1 

8.4 

11.4 

5.7 

5.9 

10  3 

10.1 

15.8 

7.7 

30.1 

8.8 

16.6 

10.9 

4.1 

9.8 

6.8 

15.8 

11.4 

9.7 

11.1 

•21.7 

21.7 

3.2 

24.7 

28.4 

24.0 

24.7 

3.8 

5.8 

4.7 

3.0 

8.0 

6.4 

16.9 

16.3 

8.1 

9.1 

24.6 

28.4 

1.5 

22.9 

15.0 

20.9 

6.4 

1.5 

4.0 

2.7 

5.3 

4.2 

6.6 

15.0 

14.7 

5.8 

10.5 

14.3 

12.7 

1.6 

15.3 

5.8 

11.0 

1.7 

2  4 
4.2 
4.7 
5.4 
3.2 
8.8 
5.5 
7.7 
2.4 
8.4 
6.4 
6.0 
1.2 
5.3 
3.6 
6.1 
0.6 

2.0 
3.5 
4  2 
4.7 
4.4 
7.8 
3.6 
5.6 
2.7 
4.2 
4.9 
3.4 
1.5 
3.3 
3.1 
4.9 
0.5 

4.5 
4.4 
4.5 
5.3 

5.o 
5.7 

:;  a 

4.7 
3.5 
4.0 
4.4 
3.9 
1.2 
3.0 
3.4 
4  0 
H.7 

7.2 
7.0 
6.0 
6.9 
7.5 
6  0 
3.4 
4.7 
1.4 

:t.7 
4  1 
:-i.l 
2.1 

2.  7 

•i.3 

4.5 
1  2 

8.6 
8.2 
9.1 

10.1 
5.5 
5.9 
3.1 
3.5 
1.5 
4.4 
3.7 
3.1 

18.9 
2.7 
4  0 

East  Oregon.. . 

4.4 
1.5 

DISCUSSION. 


Charles  Macdonald,  M.  Am.  Soc.  C.  E. — The  illustration  just 
exhibited  calls  to  mind  an  experience  which  an  honored  President  of 
this  Society  had,  in  discussing  a  similar  question  for  the  Ohio  River. 

A  very  distinguished  engineer  had  proposed  a  means  of  pounding 
the  excessive  rainfall  in  the  headwaters  of  the  Ohio,  with  a  view  to 
maintaining  a  regular  flow  in  that  river.  He  discussed  the  question 
entirely  upon  theoretical  grounds,  and  came  to  the  conclusion  that  all 
that  would  be  necessary  would  be  to  construct  six  reservoirs  on  the 
tributaries  of  the  Ohio,  in  order  to  maintain  a  uniform  flow  of  not  less 
than  5  ft.  in  that  river. 

The  pamphlet  in  which  his  views  were  presented  was  so  well  writ- 
ten that  a  very  strong  pressure  was  brought  to  bear  upon  Congress 
to  have  an  appropriation  made  for  a  series  of  surveys  taking  in  the 
headwaters  of  the  Ohio,  with  a  view  to  determining  the  location  of  the 
suppositious  reservoirs. 
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Mr.  Roberts  took  an  ordinary  map  of  the  country,  and  in  the  course 
of  a  few  hours'  calculation  of  the  number  of  square  miles  of  rain  area 
available  for  every  conceivable  tributary  of  the  river,  showed  conclu- 
sively that  there  was  not  a  single  place  where  it  would  be  possible  to 
erect  one  of  the  six  imaginary  dams;  and  then  he  went  on  to  prove 
that  even  supposing  it  were  possible  to  find  suitable  locations  for  the 
six  reservoirs,  the  so-called  improvement  would  do  more  harm  than 
good,  owing  to  this  very  irregularity  of  rainfall. 

He  referred  to  records  taken  at  Wheeling  for  30  years  previous,  from 
which  it  was  evident  that  storage  reservoirs,  such  as  had  been  pro- 
posed, would  have,  at  many  times,  actually  increased  the  floods  in  the 
main  stream. 

This  is  a  mere  outline  of  the  statements  made  by  Mr.  Roberts  in 
the  admirable  pamphlet  which  he  wrote  upon  the  subject.  It  had  the 
effect  of  cheeking  the  movement  which  had  in  view  the  spending  of 
a,  large  sum  of  money  for  a  purpose  which  was  not  warranted  by  the 
known  facts. 

William  R.  Hutton,  M.  Am.  Soc.  C.  E. — May  I  say,  Mr.  Chairman, 
that  Mr.  Roberts'  conclusions  were  not  universally  accepted.  Mr.  El- 
wood  Morris  and  others  at  that  time  differed  from  him  very  much,  and 
Mr.  Ellet,  in  his  report  on  the  improvement  of  the  Kanawha  River, 
describes  one  reservoir  quite  as  large  as  any  he  had  recommended. 

Mr.  Macdonald.— If  there  is  any  other  subject  connected  with 
the  flow  of  water  in  rivers,  it  is  a  very  proper  time  to  take  it  up, 
especially  as  our  western  rivers  are  now  said  to  be  overflowing  their 
banks.  Perhaps  some  gentleman  has  an  opinion  on  the  advisability 
of  spending  United  States  money  for  keeping  the  Mississippi  River 
within  its  banks. 

Mr.  Hutton. — May  I  say  in  reference  to  the  subject  mentioned 
before,  that  the  Government  has  begun  a  number  of  large  reservoirs 
on  the  upper  Mississippi,  to  supply  water  to  the  river  for  navigation 
during  the  dry  season.  Some  of  them  are  as  large  or  larger  than  those 
proposed  by  Mr  Morris.  They  also,  to  a  great  extent,  control  the  flood 
water. 

A.  Fteley,  M.  Am.  Soc.  0.  E. — Having  just  arrived,  I  hardly  know 
the  subject  of  the  present  discussion,  but  it  may  not  be  out  of 
place  to  state  that  the  water-shed  of  the  Croton  River  furnishes 
a  very  good  illustration  of  the  wide  differences  which  are  often 
observed  in  the  rainfall  of  contiguous  drainage  areas.  The  records 
show  that  those  differences  are  frequently  very  large,  amounting 
sometimes  to  more  than  10()°o  in  tributary  valleys  a  small  distance 
apart;  the  differences  between  the  a\  era^e  rainfall  on  the  Croton  water- 
shed and  the  precipitation  in  New  York  are  also  conspicuous. 

A  short  time  ago  this  condition  of  facts  was  well  illustrated  in  con- 
nection with  the  construction  of  one  of  the  dams  now  being;  built  by 
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the  Aqueduct  Coinniissioners  on  a  small  tributary  of  the  Croton  River. 
Owing  to  special  local  circumstances,  a  temporary  dam  with  an  earth 
canal  and  timber  flume  had  been  erected,  to  divert  the  stream  over  the 
foundation  works;  the  size  of  the  temporary  structure  was  very  large 
as  compared  with  the  conditions  generally  obtaining  in  the  region,  but 
the  excessive  rainfall  which  took  place  in  that  particular  valley  at  the 
time  caused  an  exceptionally  high  freshet  which  taxed  the  temporary 
channels  just  mentioned  nruch  beyond  their  capacity  and  caused  some 
damage. 

The  tables  of  rainfall  on  the  Croton  water-shed  have  been  published 
and  are  well-known,  and  they  do  not  show  very  wide  differences  from 
year  to  year. 

E.  B.  Dorsey,  M.  Am.  Soc.  C.  E. — What  is  the  flow  at  the  Croton 
Dam  as  compared  to  the  total  rainfall  on  the  water-shed  ? 

Mr.  Ftei/ey. — The  average  flow,  I  should  say,  49  per  cent. 

Mr.  Woethen. — Thirty-five;  around  there. 

Mr.  Dorsey. — Taking  a  series  of  years  '? 

Mr.  Fteley. — Taking  a  series  of  years  it  is  49,  almost  exactlv. 

Mr.  Macdonald. — In  addition  to  the  amount  consumed  by  the 
city  ? 

Mr.  Fteley. — No,  sir;  wye  refer  to  the  percentage  of  water  which 
flows  in  the  stream,  as  compared  with  the  total  of  rainfall  over  the 
whole  water-shed. 

Mr.  Doksey. — Can  any  of  that  49  "0  escape  by  flowing  under  deep 
sand  or  through  the  gravel  ? 

Mr.  Fteley. — Hardly  so,  because  the  rock  is  very  near  the  surface, 
and  there  are  on  both  sides  of  the  valley  some  pretty  high  and  rocky 
hills.  I  hardly  suppose  there  is  any  considerable  quantity  that  can 
disappear  in  that  way.  In  a  very  dry  season,  when  all  the  flow  of 
the  river  is  retained  by  the  storage  reservoirs,  the  flow  in  the  river 
below  Croton  Dam  is  insignificant. 

John  Bogakt,  M.  Am.  Soc.  C.  E. — Mr.  President,  it  seems  proper 
that  I  should  say  in  regard  to  this  paper  that,  in  my  opinion,  the  hesi- 
tation in  discussing  it  here  this  evening  is  not  due  to  any  lack  of  com- 
prehensive statement  in  the  paper,  but  to  the  fact  that  the  subject  is 
one  of  great  delicacy  and  intricacy,  and  that  it  would  be  almost  impos- 
sible to  properly  discuss  a  paper  which  is  as  condensed  as  this,  with  a 
very  large  amount  of  information  shown  in  a  tabulated  form  and  by 
diagrams,  without  a  careful  comparison  of  this  paper  with  other  data 
and  information  which  can  only  be  found  in  an  office  and  with  consid- 
erable study.  Mr.  Babb,  however,  the  writer  of  the  paper,  makes 
some  decided  statements  which  are  in  certain  resjjects  different  from 
conclusions  that  have  been  arrived  at  by  other  engineers  who  have 
given  a  great  deal  of  attention  to  this  subject.  For  instance,  he  claims, 
on  page  12,  that  his  Table  No.  9  can  be  used  in  various  wavs.      "  If 
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the  average  flow  for  a  certain  month  for  any  stream  is  known,  then 
from  this  table,  by  taking  the  percentages  of  the  locality  in  which  the 
stream  occurs,  the  discharges  for  the  other  months  and  for  the  entire 
year  may  be  obtained."  That  is  a  pretty  large  claim  for  this  table. 
He  further  says:  "Knowing  the  annual  rainfall  for  a  certain  basin, 
from  Table  No.  8,  taking  the  percentage  of  the  locality  in  which  the 
stream  occurs,  the  annual  discharge  can  be  computed;  then  from  Table 
No.  9,  the  monthly  distribution  of  this  annual  discharge  can  lie  found." 
That  is  another  pretty  large  claim.  I  am  inclined  to  think  that  the 
careful  judgment  of  an  experienced  engineer  had  better  be  applied  to 
a  study  of  all  the  records  available  in  each  ease,  and  that  the  conclu- 
sions resulting  from  such  a  study  are  more  reliable  than  arbitrary 
tabulations. 

H.  M.  Mabshall,  M.  Am.  Soe.  C.  E. — To  one  who  has  plotted 
gauge  heights  as  ordinates  and  measured  discharges  as  abscissas,  for  an 
extended  period  of  observation,  it  is  well  known  that  the  resulting 
curve  forms  a  loop  near  the  maximum,  and  that  the  maximum  dis- 
charge exceeds  by  quite  a  considerable  amount  the  discharge  at  the 
time  of  the  highest  gauge  reading.  An  example  is  shown  in  the  January 
number  of  Pou/s  et  Cltaustrrs,  in  the  article  by  M.  Yoisin  Bey.  on  the 
improvement  of  the  mouth  of  the  Danube.  It  follows  from  this  that  a 
relationship  discovered  between  a  gauge  and  the  discharge,  if  founded 
on  a  few  observations,  is  apt  to  be  illegitimate.  To  show  how  wide  of 
the  mark  one  will  go  in  guessing  discharge  from  gauge  reading,  refer- 
ence is  made  to  the  Bulletin  of  the  Weather  Bureau,  giving  gauge 
heights  of  the  Mississippi  and  its  principal  tributaries  for  1890-92.  On 
page  7,  the  discharge  of  the  Red  River  at  Alexandria,  La.,  is  stated  to 
be  2  500  cu.  ft.  per  second  for  a  stage  2.2  ft.  The  measured  discharge 
there  was  4  826  ft.,,  when  the  gauge  read  1.7  ft.  The  discharge  meas- 
ured at  the  next  higher  stage  was  8  613  cu.  ft.  per  second,  with  the 
gauge  +  1.9  ft.  Which  goes  to  show,  we  may  ftgain  be  discussing  why 
a  fish  weighs  more  when  alive  than  dead;  and  as  Mr.  Babb  lias  served 
his  fish  in  a  temptiug  dish,  we  had  best  look  into  his  cooking  before 
we  swallow. 

Table  No.  9  shows  a  small  range  of  percentage,  but  being  percen- 
tages of  large  or  relatively  large  quantities,  a  small  variation  means 
more  than  it  looks. 

For  instance,  the  lower  Mississippi  minimum  discharge  is  given  by 
that  table  B.7%,  and  the  maximum  12.7  percent.  The  Mississippi  River 
Commission  report,  L883,  page  236,  gives  for  the  former  240  000  cu.  ft. 
per  second  at  Red  River  Lauding,  and  for  the  latter,  1400  000.  A  varia- 
tion of  1",,  in  Table  No.  1  would  therefore  correspond  to  a  differ- 
ence of  about  100  000  cu.  ft.  per  second,  or  from  one-fourth  to  more 
than  one-third  of  the  discharge  for  a  month. 

The  discharge  for  the  Connecticut  for  January  is  given  at  7.6,%'  of 
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tlie  total  discharge  ;  but  the  average  outflow  for  13  years,  which,  by 
the  way,  is  derived  by  dividing  12  years'  observations  by  13,  is  stated  in 
Table  No.  2  to  be  1.93  ins.  In  the  absence  of  exact  information  as  to  how 
the  7.6x°o  ^"as  arrived  at,  it  is  fair  to  suppose  it  was  derived  from 
Table  No.  2,  and  corresponds  to  the  1.93 ins.,  which  is  7. 6%  of  the  total 
25.25  ins.  Then,  what  would  be  the  error  if  the  outflow  for  January, 
1874,  should  be  calculated  on  that  basis  ? 

It  matters  little  how  the  percentages  are  derived,  whether  from  a 
single  year  or  the  average  of  a  number  of  years,  they  appear  as  con- 
stants for  each  stream  and  for  streams  in  the  same  region;  hence  they 
cannot  be  a  measure  of  the  outflow,  which  is  variable  from  year  to 
year  and  month  to  month.  That  the  outflow  has  as  wide  range  of 
variation  as  the  rainfall  is  seen  by  comparing  the  maximum  30.81  ins. 
of  1874  and  the  minimum  18.25  ins.  of  1880,.  with  the  rainfall  50.20  of 
1878  and  40.02  of  1880.  In  view  of  the  claim  that  "the  yearly  per- 
centages of  run-off,  as  given  in  Table  No.  8,  have  not  a  great  variation  in 
range,"  it  is  somewhat  astounding  to  find  65.0  for  Madison  and  28.6  for 
Missouri  Craig,  in  the  last  column  of  that  table  in  sequence,  and  for 
rivers  of  the  same  region  at  that. 

Because  the  outflow  may  be  least  when  the  rainfall  is  greatest,  or 
vice  versa,  can  hardly  be  taken  as  proof  that  the  former  is  not  an  im- 
plicit  function  of  the  latter.  The  complexity  of  the  problem  is  well 
stated  by  Mr.  F.  H.  Newell,  in  the  discussion  on  Hydrography  of  the 
Potomac  Basin,  and  under  the  title,  Influence  of  Forests  on  Water 
Supplies,  in  the  report  of  the  Department  of  Agriculture  for  1889,  page 
297  et  seq. ,  Mr.  B.  E.  Fernow,  Chief  of  the  Forestry  Division,  writes  on 
the  subject  in  a  manner  as  entertaining  as  it  is  instructive.  That  the 
matter  lacks  much  of  being  reduced  to  a  scientific  basis  goes  without 
saying,  but  that  the  truth  is  to  be  sooner  reached  by  discarding  the  only 
usually  known  cause  is  incredible.  Furthermore,  while  the  results  of 
experiment  and  observations  are  the  touchstone  of  theory,  they  can 
scarcely  originate  more  than  empirical  rules  which  fit  only  like  cases. 
It  is  far  easier  to  reason  from  causes  to  combined  effect  than  to  assign 
a  law  from  effects. 

In  regard  to  the  "  smoothed  rainfall  "  and  "  smoothed  flows,"  it  is 
difficult  to  understand  how  they  are  more  characteristic  after  their 
distinguishing  features  are  taken  out  of  them.  The  figures  were  not 
only  reduced  by  averaging  for  all  the  same  months,  but  they  must 
needs  be  made  like  all  other  months. 

He  who  sees  only  defects  without  offering  a  remedy  is  only  a  scold; 
therefore  suppose 

y  =  ax  A-  bxl  +  cx2,  e^c' ' 
where  y  is  the  outflow  for  a  month  and  x,  xv  x.,,  etc.,  are  the  rainfall 
for  that  month  and  the  preceding  months,  respectively,  and  a,  b,  c,  etc., 
are  coefficients  to  be  determined  for  each  month  from  observation.  By 
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inserting  the  values  of  y  and  the  a;'s  from  a  series  of  observations, 
equations  of  condition  will  be  formed  from  which  a,  b,  c,  etc. ,  can  be 
evaluated.  The  differences  between  computed  and  observed  values 
of  y,  when  the  right-hand  member  of  the  equation  is  extended  or  con- 
tracted by  one  month,  will  determine  when  the  rainfall  for  a  ju'eceding 
month  ceases  to  be  significant,  the  form  which  gives  the  least  resid- 
uals being  accepted  for  that  month. 

If  this  method  seems  complicated,  it  is  no  more  so  than  the  prob- 
lem, and  in  that  wise  ought  to  be  a  hit. 

Clemens  Heeschel,  M.  Am.  Soc.  C.  E. — The  tendency  of  mankind 
to  follow  routine  and  precedent,  has  often  been  noted  by  philosophers, 
and  its  tenacious  hold  upon  men  may  be  observed  in  their  several 
walks  of  life.  Nothing  else  will  probably  explain  the  insistence  of 
engineers,  when  about  to  portray  the  flow  of  rivers,  first,  to  sheer  off 
into  a  portrayal  of  rainfall,  and  pass  by  a  clumsy,  unscientific,  un- 
truthful system  of  monthly  proportions  back  to  the  desired  result. 

The  direct  method  would  seem  to  be  simple  enough.  If  we  are  in- 
terested in  and  are  plotting  monthly  averages,  let  us  plot  for  each 
month  the  maximum  monthly  average,  the  minimum  monthly  average, 
and,  if  we  like,  the  average  monthly  average  for  all  the  months  of  the 
years  of  gauging.  We  thus  obtain  a  picture  of  the  range  to  be  ex- 
pected in  each  month  for  that  river,  and  for  similar  rivers  in  the  same 
section  of  country  ;  and  no  juggling  with  the  data  thus  represented 
can  ever  teach  any  more  than  these  primary  data.  A  diagram  of  this 
kind,  by  the  writer,  may  be  found  in  the  volume  for  1878  of  these 
Transactions. 

If  we  are  interested  in  daily  amounts  of  flow,  an  excellent  way  to 
represent  them  graphically  is  to  arrange  the  365  daily  discharges  that 
go  to  make  up  a  year's  flow,  in  their  order  of  size.  Several  years'  flow, 
thus  represented,  will  again  give  breadth  to  the  line  showing  the 
year's  discharge,  and  this  breadth  will  indicate  the  range  that  may  be 
expected  in  a  year's  flow.  No  observations  of  rainfall  dragged  into 
this  study  can  ever  teach  any  more  about  the  river  flow  than  such 
data  will  teach  ;  so  why  consider  both  simultaneously  ? 

Rainfall,  again,  forms  a  study  by  itself.  Engineers  are  interested 
sometimes  in  annual  rainfalls  ;  more  frequently,  only  in  maximum 
rainfalls  during  short  periods  of  time. 

To  express  by  a  percentage  the  relation  between  a  certain  flow,  or 
run-off,  during  one  period  of  time,  and  the  rainfall  during  another, 
may,  under  certain  circumstances,  be  expressing  a  relation  of  cause 
and  effecl  ;  and  again,  may,  as  it  not  infrequently  does,  be  the  forced 
linking  together  of  two  quantities,  only  remotely  or  partially  depend- 
ent the  one  upon  the  other.  When  thus  joineil  in  discussing  the  flow 
of  rivers,  this  relationship  has,  to  be  sure,  a  passing,  purely  scientific, 
interest,  but  one  that  cannot  be  put  to  any  useful  purpose.      In  the 
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case  of  engineers,  it  only  detracts  from  a  proper  study  to  be  given  to 
river-gangings,  which  alone  form  the  basis  of  engineers'  knowledge  of 
the  flow  of  rivers,  and,  unaided  and  alone,  will  better  do  the  work  re- 
quired of  them  by  the  engineer  than  if  clouded  and  obscured  by  an 
uncalled-for  admixture  with  considerations  of  rainfall  on  the  same 
territory,  and  of  a  series  of  untruthful  and  therefore  worthless  coef- 
ficients of  percentage. 

Suppose  we  consider  the  discharge  of  the  Mississippi  River  past 
New  Orleans,  on  any  one  day.  Will  anyone  pretend  that  that  body  of 
water,  some  of  which  has  been  months  coming  thousands  of  miles,  can 
properly  be  made  to  bear  any  relation  to  the  rain  that  fell  that  day 
over  all  that  continental  drainage  area  ?  Does  it  help  matters  any  to 
compare  the  flow  in  March  to  the  rainfall  in  February  '?  Isn't  one  as 
untruthful  as  the  other,  and  neither  of  any  use  *? 

Or  take  the  small  drainage  areas  that  figure  in  water-works  re- 
ports. Suppose  no  rain  fell  in  a  certain  month,  which  has  happened 
and  is  not  unlikely  to  happen  again.  The  rivers  would  not  all  dry 
up,  and  for  any  flow,  we  should  have  the  proportion  of  rainfall  yielded 
that  month  to  equal  an  infinite  number  of  100°o  of  rainfall.  Some- 
thing like  this  we  have  annually  recurring,  when  March  is  made  to 
yield  180  and  ISOj'o  of  rainfall,  due  to  snow  that  fell  in  February 
flowing  off  in  March  ;  and  other  months  are  similarly  maltreated.  But 
the  presence  of  snow  only  serves  to  show,  in  a  glaring  manner,  a  delay 
in  run-off  that  takes  place  constantly,  either  due  to  distance  to  be 
traversed  and  depending  in  amount  largely  on  the  slope  of  the  terri- 
tory to  be  traversed  ;  or  due  to  the  rain  soaking  into  the  ground  and 
appearing  many  months  after,  may  be  in  the  form  of  springs  in  the 
channel  of  the  river  itself. 

Here  is  a  system,  then,  which  is  of  no  use,  and  is  so  hideously  un- 
scientific and  untruthful  as  to  be  the  reverse  of  ornamental,  and  which 
should,  therefore,  cease  to  form  the  model  upon  which  reports  on 
river-flow  are  fashioned. 

If  any  comparison  between  rainfall  and  river-flow  is  permissible,  it 
is  only  that  of  the  annual  measure  of  each.  And,  even  then,  care 
should  be  taken  so  to  choose  the  beginning  and  ending  of  the  year 
cited  that  no  large  credits  or  debits  exist  when  the  accounts  open, 
and  again  when  they  close.  For  this  purpose,  the  1st  of  January,  as 
generally  taken,  is  a  singularly  infelicitous  date.  Some  years  rivers 
in  northern  latitudes  are  then  in  a  drought,  although  they  may  then 
have  a  large  volume  of  the  last  year's  rainfall  lying  upon  their  drain- 
age area.  Other  years,  they  may  then  be  in  a  freshet,  with  the  ground 
bare  and  frozen  hard,  and  no  rain  for  a  month  past  to  speak  of.  The 
fairest  time  to  begin  and  end  such  an  annual  comparison  of  rainfall 
with  river  discharge  would  probably  be  during  the  summer  months, 
say,  June  1st  or  July  1st. 


344  DISCUSSION   ON    RAINFALL   AND    RIVER-FLOW. 

Reference  has  hitherto  been  made  to  but  two  factors  in  the  formula 
which  is  to  express  the  relation  of  rainfall  to  river-flow,  namely,  drain- 
age area  and  amount  of  rainfall.  Observations  show,  however,  that 
the  distribution  of  rainfall,  the  times  and  the  rates  at  which  it  falls, 
have  a  most  potent  effect  on  this  relation.  Hence  it  comes  that  years 
of  practically  the  same  rainfall  have  widely  differing  amounts  of  run- 
off, not  to  speak  of  the  differences  of  yield  of  months  and  of  single 
showers,  having  the  same  measure  in  inches  of  rain. 

The  slopes  of  the  drainage  area,  and  the  nature  of  the  surface,  are 
additional  factors  to  be  taken  into  account.  Thus,  on  the  same  river, 
the  Durance,  in  France,  from  a  seven  years'  record,  the  upper  portion 
yielded  74°^  of  the  rainfall,  while  a  dividing  line  drawn  further  down 
stream,  and  although  it  included  the  upper  portion  just  named, 
yielded  only  67",f  of  the  rainfall  on  it  during  the  same  period  of  time. 

Thus,  also,  the  same  eight  years'  records  on  the  Perkiomen, 
Neshaminy  and  Tohickon,  of  152,  139.3  and  102.2  sq.  miles,  respect- 
ively, of  adjoining  drainage  areas,  yielded  52.4,  48.8  and  60%  of  the 
rainfall,  respectively. 

Thus,  also,  the  Pequannock  drainage  area,  down  to  Charlottsburgh, 
from  June  1st,  1891,  to  June  1st,  1892,  yielded  23.23  ins.  of  run-off, 
while  the  drainage  areas  of  the  Croton  and  of  the  Sudbury,  all  three 
being  situated  in  the  same  range  of  rainfall,  and  having,  as  far  as 
known,  practically  the  same  rainfall  and  distribution  of  rainfall  during 
that  time,  yielded  only  15.74  and  15.63  ins.  of  run-off,  respectively. 

It  is  in  the  study  of  the  effect  of  these  additional  factors  upon  the 
run-off  of  streams,  in  the  study  of  the  effects  of  slopes,  of  quality  of 
surface,  and,  to  some  extent,  of  the  distribution  of  rainfall,  that  the 
customary  percentage  proportions  of  rainfall  to  flow  of  streams  have 
their  proper  places,  and  have  value.  But  not  as  expressing,  or  for  the 
purpose  of  foretelling  what  the  flow  of  the  river  that  has  been  observed 
will  be  at  other  times,  or  for  the  purpose  of  estimating  what  the  flow 
of  similar  rivers  in  the  same  region  of  country  is  likely  to  be.  For 
these  latter  purposes,  it  should  stand  to  reason  that  no  artificially  com- 
plicated expression  of  the  observed  or  gauged  flow  of  a  river  will  ever 
teach  more  than  will  the  same  results  expressed  in  the  stand  aid  cubic 
feet  per  second,  or  1  000  000  galls,  in  24  hours.  To  guess  at  half,  and 
multiply  by  two,  produces  no  better  result  than  to  guess  at  the  whole. 
And  to  call  a  thing  50",,'  of  4  is  no  nearer  truth,  and  teaches  no  more, 
than  to  call  it  plain  2  ;  while  it  is,  on  the  other  hand,  a  good  deal  of 
deception,  and  is  a  sham. 

F.  H.  Newell. — The  above  paper  prepared  by  Mr.  Babb  brings  to- 
gether the  results  of  studies  made  by  him  of  all  of  the  available  data 
rnneeniiiitf  t  he  ( 'onneeticut  and  Savannah  Rivers*," and  lias  been  pre- 
sented with  facts  relating  to  other  streams  of  the  United  States.  The 
matter  is  given  in  the  most  concise  form,  as  it  would  obviously  be  im- 
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possible  to  present  the  details  ;  but  it  serves  to  call  attention  to  the 
fact  that  these  are  to  be  had  for  future  study.  In  considering  any 
particular  problem  the  engineer  should  undoubtedly  go  to  the  original 
records,  in  order  that  he  may  judge  for  himself  as  to  the  value  of  the 
deductions  and  their  applicability  to  the  case  in  hand.  Papers  such 
as  the  above  have  their  value  as  showing  general  conditions  and  ten- 
dencies; but  the  averages  and  percentages  presented  in  the  tables 
should  not  be  used  as  though  relating  to  established  facts.  At  best 
they  represent  conditions  which  have  prevailed,  and  which  may  con- 
tinue to  do  so. 

In  connection  with  the  data  presented  by  Mr.  Babb,  he  brings 
out  fairly  well  the  fact  that  the  relation  between  the  measured  rain- 
fall and  the  measured  discharge  of  a  river  is  so  remote  or  uncertain 
that  computations  based  upon  this  assumed  relation  have  a  dubious 
value.  In  concluding  he  suggests  that  the  run-off  may  be  estimated 
in  another  manner,  one  in  which  the  question  of  rainfall  does  not  enter. 
His  statement  of  this,  however,  was  not  sufficiently  guarded  and  reads 
as  though  definite  results  might  be  obtained,  although,  as  is  obvious, 
computations  of  discharge  made  by  any  method  are  little  more  than 
approximations,  since  each  of  the  factors  represents  strictly,  not  what 
is,  but  what  has  been.  His  table  No.  9,  if  used  with  this  fact  in  mind, 
becomes,  at  times,  very  convenient  in  estimates  of  the  probable  water 
supply  at  various  points.  At  all  times,  however,  the  engineer  must 
bear  in  mind  that  most  streams  are  erratic,  and  because  a  certain  rou- 
tine has  been  followed  in  past  years  there  is  no  guarantee  that  the 
same  order  of  things  will  prevail  at  any  particular  time.  As  stated  in 
a  preceding  discussion,  the  non-periodic  oscillations  of  river  flow,  de- 
pending upon  slight  temporary  changes  of  climate,  are  exceedingly 
great,  and  cannot  be  correlated  with  any  one  factor,  such  as  rain- 
fall. 

The  paper  shows  how  little,  rather  than  how  much,  information  is 
at  present  available  concerning  the  behavior  of  the  rivers  of  the 
country.  The  data  are  exceedingly  fragmentary,  and  in  discussions  of 
floods  and  droughts  it  is  necessary  to  depend  upon  testimony  of  the 
most  illusive  character,  viz.,  the  memory  of  the  "  oldest  inhabitant." 
It  is  generally  conceded  that  the  rivers  of  the  Atlantic  slope  at  least 
have  been  changed  in  their  regimen  by  the  progress  of  improvements  at 
their  headwaters.  In  most  cases  this  idea  seems  to  rest  upon  general 
statements  that  40  or  50  years  ago  the  river  was  never  as  dry  as 
at  present,  or  on  similar  assertions.  In  examining  any  long  record  of 
river  flow,  of  which  few  are  available,  it  is  difficult  to  detect  any  pro- 
gressive changes  continuing  for  more  than  two  or  three  years  at  a  time, 
and  yet,  at  the  same  time,  there  are  sufficient  variations  and  of  a  char- 
acter so  decided  as  to  make  a  lasting  impression  upon  the  memory  of 
an  observer.     Thus,  in  the  absence  of  measurements  it  is  possible  for 
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various  divergent  theories  concerning  the  behavior  of  rivers  to  find 
support  from  the  testimony  of  living  witnesses. 

Win.  E.  Wokthen,  Past-President. — The  paper  presented  contains 
a  great  deal  of  valuable  information,  and  there  is  often  a  necessity  of 
taking  averages  when  nothing  else  can  be  be  had,  "and  smoothing  out 
of  values  "  enables  one  to  make  good-looking  average  curves,  but  not 
practical  value  in  comparison  with  the  actual  facts  as  given  by  him  in 
Fig.  4.  It  is  better  to  compare  the  absolute  flows  of  streams  with 
each  other  rather  than  by  averages  of  a  few  months,  or  even  years,  of  a 
single  stream.  We  must,  if  possible,  use  such  figures,  and  I  have 
made  a  diagram  of  the  daily  flows  of  the  Connecticut  River,  from  the 
reports  of  the  Engineers  Corps  U.  S.  A. ,  and  submit  one  of  the  Croton 
flows  from  1881  to  1892,  inclusive,  from  the  data  furnished  by  the 
Department  of  Public  AVorks. 

The  ordinates  of  flows  are  on  a  scale  of  100  000  000  galls.  The 
space  mostly  in  white  at  the  bottom  of  the  profile  presents  the  supply 
to  the  city  from  1880  to  July,  1890,  80  000  000  to  100  000  000  galls'; 
from  July,  1890,  out,  150  000  000. 

The  ordinates  within  this  space  represent  quantities  drawn  from 
reservoirs  when  the  natural  flows  were  insufficient. 

Such  profiles  enables  an  estimate  to  be  made  of  the  practical 
value  of  the  stream  for  city  and  town  supplies,  or  for  use  as  water- 
power. 

It  is  evident,  by  this  profile,  that  without  reservoirs  the  Croton 
flows  would  fall  short  of  uniformly  supplying  the  City  of  New  York. 
To  estimate  how  much  could  be  drawn  if  pounded,  and  the  capacity 
of  reservoirs  needed,  try,  for  example,  a  daily  supply  of  300  000  000 
galls.,  draw  a  line  through  the  ordinate  of  this  flow,  which  will  be 
parallel  to  the  base  ;  the  ordinate  above  the  line  will  represent  the  flows 
which  are  now  washed  over  the  dam,  and  the  capacity  of  the  reser- 
voirs to  secure  this  waste  by  storage. 

By  trials  of  lines  of  different  daily  supplies,  the  capacity  of  reservoirs 
may  be  determined  and  possibilities  of  such  reservoirs  from  a  contoured 
map  of  the  shed. 

It  will  be  found  that  extreme  freshets  ofteu  cannot  be  ponded,  and 
that  at  these  times  there  must  be  waste.  With  large  water  area  of  res- 
ervoirs the  evaporation  becomes  a  large  factor,  and  loss  by  leakage  is 
also  to  be  estimated.  The  usual  practice  is  to  take  the  water  area  of 
reservoirs  from  that  of  the  shed  on  the  hypothesis  that  the  rain  water 
falling  upon  the  pond  would  compensate  for  the  evaporation. 

In  constructing  this  table  of  flows,  the  ordinates  are  taken  at  A|, 
Formula  A  =  CI  x  hi  C  and  /  being  constant,  the  scale  of  quantities 
can  readily  be  constructed,  and  calculations  are  avoided.  If  at  any 
time  0  can  be  absolutely  determined  from  the  flows  over  the  dam,  no 
new  profile  is  involved,  but  merely  a  change  of  scale. 
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I  have  found  this  profile  of  the  Croton  of  value  in  determining  the 
amount  of  water  power  diverted  by  the  several  dams. 

Consider  the  flows  of  the  Croton  as  applicable  to  any  water-shed 
upon  it.  The  Croton  shed  is  354  sq.  miles ;  now,  if  the  partial  shed  on 
which  the  water  is  diverted  is  17  sq.  miles,  then  it  is  only  necessary  to 
enlarge  the  scale  of  the  full  shed  on  the  proportion  of  354  to  17, 
and  the  daily  flows  of  the  partial  shed  can  be  at  once  measured  fairly 
to  the  proprietors  of  the  small  shed  ;  since  the  large  flows  would  be 
proportionally  greater  and  the  small  smaller  than  on  the  full  shed,  ex- 
cessive flows  cannot  be  utilized  as  the  wheels  are  drowned,  neither 
can  very  small  flows,  because  no  power  can  be  utilized  from  the  wheel. 

It  is  shown  by  the  paper  that  there  are  many  streams  in  which  the 
daily  flows  have  been  kept,  and  it  is  of  more  practical  value  to  have 
the  profiles  similar  to  those  that  I  have  given  of  the  Croton  than  any 
system  of  averages  from  month  to  month.  The  variations  from  year  to 
year  are  as  important  as  the  monthly  or  daily  changes,  and  it  is  of 
more  importance  to  manufacturing  industries  and  municipal  supplies 
that  records  should  be  kept  of  the  flow  of  streams  than  of  rainfall. 
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THE    CONSTRUCTION    OF    A    WATER-TIGHT    MA- 
SONRY DAM.— DISCUSSION  ON  PAPER  No.  5S5. 


By  D.  FitzGerald,  T.  C.  Clarke,  S.  B.  Bussell,  E.   S.    Gould  and 

W.  McCuleoh. 


Desmond  FitzGekald,  M.  Am.  Soc.  C.  E. — It  must  be  a  source  of 
satisfaction  to  the  engineers  iu  charge  of  the  Croton  system,  even  if 
the  city  itself  does  not  appreciate  the  fact,  that  they  have  been  able 
to  secure  a  dam  of  the  height  described  in  the  paper  which  is  so  per- 
fectly water-tight.  Almost  all  of  the  dams  which  I  have  been  able  to 
examine  leak  more  or  less,  and  especially  where  they  approximate 
the  height  of  the  Sodom  Dam.  Dam  No.  4  of  the  Boston  water  works, 
which  is  an  embankment  with  a  concrete  core,  leaked  at  the  rate  of 
175  000  galls,  daily  when  it  was  first  completed.  It  is  very  nearly  as 
high  as  the  Sodom  Dam,  but  is  over  J  mile  long.  From  some  careful 
observations  made  under  my  direction  I  am  satisfied  that  these  leaks 
are  gradually  silting  up.  The  leakage  now  is  not  far  from  100  000 
galls,  daily. 

This  dam  was  designed  and  built  by  Mr.  Fteley.  It  is  very  neces- 
sary to  exercise  care  in  separating  surface  water  and  water  really  com- 
iii-  horn  the  water  tables  below  a  dam  from  the  true  leakage,  and  it 
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requires  a  long  series  of  observations  through  different  seasons  and 
under  the  varying  conditions  of  rainfall  to  do  this  intelligently.  I  am 
now  building,  under  the  direction  of  the  City  Engineer,  William 
Jackson,  M.  Am.  Soc.  C.  E.,  another  dam  of  the  same  dimensions  as 
No.  4,  and  special  arrangements  will  be  made  to  measure  the  leakage. 
As  long  as  leakage  takes  place  at  very  low  velocities  and  without  car- 
rying along  with  it  the  finer  portions  of  the  soil,  no  damage  can  result, 
and  a  gradual  silting  up  must  take  place.  It  is  certainly,  however,  a 
matter  of  congratulation  to  be  able  to  build  a  perfectly  tight  dam. 

T.  C.  Clarke,  M.  Am.  Soc.  C.  E. — The  experiments  upon  strength 
of  mortars  made  of  Portland  and  American  rock  cements,  extending 
as  they  do  over  four  years,  are  of  the  greatest  value  to  engineers. 

These  experiments  show  that  at  the  end  of  three  years  a  mortar 
made  of  1  part  of  Portland  cement  to  3  parts  of  sand  has  a  strength  of 
572  lbs.  per  square  inch,  and  a  mortar  made  of  1  part  of  American  rock 
cement  to  2  parts  of  sand  514  lbs.  per  square  inch,  which  approach  so 
nearly  as  to  be  practically  alike.  After  several  more  years  they  will 
probably  coincide,  as  we  know  that  rock  cements  are  slower  acting 
throughout. 

An  interesting  fact,  which  I  have  never  seen  mentioned,  is  that  the 
weights  of  cement  are  nearly  the  same  in  both  cases. 

If,  instead  of  describing  them  as  1  to  2  and  1  to  3,  we  make  sand  the 
unit,  we  shall  have — sand,  1 ;  Portland  cement,  £  ;  sand,  1  ;  rock 
cement,  \.  If  we  have  barrels  as  units — sand,  1  bbl. ;  rock  cement,  £ 
of  300  lbs.  =  100  lbs. ;  sand,  1  bbl. ;  Portland  cement,  £  of  386  lbs.  =  96 
lbs. ,  showing  that  nearly  equivalent  strength  is  due  to  nearly  equivalent 
weights  of  cement. 

The  inference  to  be  drawn  is  that  engineers  should  specify  use  of 
cement  by  weight  instead  of  by  measure. 

To  make  mortars  of  equal  strength,  we  should  specify : 

Portland— li  bbls.  or  5  bags  of  93  lbs.  =  465  lbs.  of  Portland  cement 

to  3|  bbls.  of  sand. 
American  rock — If  bbls.  or  5  bags  of  96  lbs.  =  480  lbs.  of  rock  cement 

to  3i  bbls.  of  sand. 

To  make  a  stronger  or  weaker  mortar,  increase  or  diminish  weight  of 
cement  (not  bulk)  in  same  ratio. 

To  make  a  reliable  concrete  the  bulk  of  broken  stone  or  screened 
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gravel  should  never  be  more  than  double  the  bulk  of  sand,  as  other- 
wise the  mortar  will  not  coat  all  the  particles. 

Economy  should  rather  be  sought  by  embedding  rough  stones  in 
the  mass  of  concrete,  and  if  spaces  of  at  least  6  ins.  are  left  between 
the  stones  all  around,  the  mixture  will  make  as  strong  a  concrete  as  if 
it  were  all  of  small  stones  and  mortar. 

The  advantages  of  specifying  by  weight  instead  of  bulk  are  that 
you  are  not  obliged  to  take  specific  gravity,  or  weigh  a  strict  bushel  of 
cement,  and  you  always  get  the  quantity  you  pay  for.  All  the  inspector 
has  to  do  is  to  weigh  enough  bags  or  barrels  to  be  sure  he  gets  the 
weight  invoiced. 

S.  Bent  Russell,  M.  Am.  Soc.  C.  E. — From  my  experience  with 
water-tight  masonry  construction,  I  would  judge  that  a  large  part  of 
the  success  attained  in  the  Sodom  Dam  is  due  to  a  rich  mortar  of 
Portland  cement.  For  water-tight  work  the  mortar  should  never  be 
poorer  than  1  to  2.  In  small  batches  made  in  the  laboratory  1  volume 
of  cement  to  3  volumes  of  sand  will  give  a  solid  mixture.  In  contract 
work,  however,  the  mixing  is  never  so  thorough  as  to  give  a  mortar  of 
uniform  richness  throughout ;  hence,  to  insure  all  voids  being  filled,  a 
proportion  of  1  to  2  should  be  insisted  on,  and  in  some  cases  even  more 
cement  should  be  used. 

Mr.  McCulloh  makes  no  mention  of  cracks  in  the  masonry,  so  I 
infer  that  there  are  none.  Our  experience  on  the  St.  Louis  water  works 
extension  indicates  that  a  masonry  wall  over  400  ft.  long  is  almost  sure 
to  crack  in  cold  weather.  The  crack  usually  follows  the  joints,  but 
occasionally  a  large  stone  will  be  pulled  in  two.  The  crack  usually 
closes  together  again  at  the  return  of  warm  weather.  Brick  masonry 
acts  the  same  way,  the  cracks  showing  about  the  same  amount  of  con- 
traction, and  occurring  at  about  the  same  interval  in  length. 

In  laying  water-tight  stone  walls  I  have  had  the  least  success  at 
joints  when  new  work  is  laid  upon  old,  or  when  some  time  has  elapsed 
bel  ween  the  laving  of  the  course  and  the  bedding  of  the  stones  which 
rest  upon  it.  Water  will  seep  through  such  joints  in  the  majority  of 
cases,  tvcii  when  the  stone  has  been  swept  and  cleaned  \\  ith  some  care. 

E.  Sherman  Golld,  M.  Am.  Soc.  C.  E. — I  have  just  read  with 
much  pleasure  the  advance  proof  of  Mr.  McCulloh 's  paper.  The 
absence  of  the  illustrative  drawings  makes  it  impossible  to  follow  the 
descriptions   as  satisfactorily  as  if  they   were  at  hand,  and   for   this 
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and  other  reasons,  I  do  not  discuss  the  paper  in  detail.  But  I  cannot 
let  the  opportunity  pass  by  of  congratulating  all  concerned  upon  the 
very  successful  results  obtained,  and  of  giving  my  hearty  assent  to  Mr. 
McCulloh's  summary  of  the  causes  which  in  his  opinion  contributed 
to  secure  these  results.  It  is  greatly  to  be  desired  that  all  engineers 
in  charge  of  whatever  class  of  work  should  be  actuated  by  the  same 
high  sense  of  responsibility  which  prevailed  in  the  present  instance, 
and  that  both  engineers  and  contractors  should  co-operate  in  the  exe- 
cution of  honestly  built  and  honestly  paid-for  work. 

"Walter  McCtilloh. — A  careful  watch  was  kept  for  cracking  in  the 
wall,  but  up  to  April  1st,  1893,  none  whatever  had  been  observed,  ex- 
cept the  fine  irregular  cracking  generally  observed  in  all  pointing. 

In  my  opinion  the  body  of  water  which  was  stored  behind  the  darn 
and  in  direct  contact  with  it  during  the  severest  part  of  the  winters, 
and  which  remained  there  till  the  latter  part  of  the  summers,  had  the 
effect  of  maintaining  an  almost  uniform  temperature  in  the  whole  mass 
of  masonry  and  thereby  reduced  the  tendency  to  crack  to  a  minimum. 

Observations  were  also  made,  to  see  if  any  settlement  occurred  in 
the  masonry  from  one  season  to  another  ;  but  so  far  as  could  be  deter- 
mined there  was  none. 

When  new  work  is  to  be  laid  upon  old  that  has  set  for  six  months 
or  more,  in  constructing  water-tight  masonry,  I  should  not  only  sweep 
and  clean  with  water,  but  should  remove  a  part  of  the  surface  with 
chisel-pointed  picks  till  it  has  the  appearance  of  rough-pointed  work. 
This  was  the  practice  at  Sodom  Dam  and  proved  entirely  satisfactory. 

To  ensure  a  uniform  mixture  of  mortars  a  watcher  was  stationed 
over  the  dry  mixing,  whose  duty  it  was  to  see  that  the  proper  propor- 
tions were  put  in  the  box,  and  that  they  were  uniformly  mixed  before 
allowing  the  box  to  be  taken  to  the  wall.  The  required  quantity  of 
sand  was  first  spread  in  the  box,  the  cement  then  spread  over  it,  and 
beginning  at  one  side  the  whole  was  turned  three  times  with  shovels. 
The  dumping  of  the  box  on  the  mortar  bed  effected  the  fourth  turning 
which  the  mixture  had  before  any  water  was  applied  to  it. 
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TUBERCULATION    IN    A    48-IN.    WATER   MAIN. 
DISCUSSION    ON    PAPER    No.    575. 


By  D.  M.  Greene,  M.  Am.  Soc.  C.  E. 


The  observed  facts  presented  in  Mr.  Duane's  paper  are  both  inter- 
esting and  important.  It  is  to  be  regretted,  however,  that  the  deliv- 
ery, both  of  the  Aqueduct  and  of  the  several  mains,  was  not  more 
accurately  stated. 

"While  fully  in  sympathy  with  the  author  of  the  paper  in  his 
view  as  to  the  desirability  of  simple  and  reliable  formulas  over  those 
whose  chief  merit  seems  to  consist  in  their  complex  character,  which 
are  generally  employed  with  greatest  confidence  by  those  who  are 
largely,  or  entirely,  lacking  in  such  experience  as  alone  can  tit  an  engi- 
neer to  judge,  with  any  degree  of  accuracy,  as  to  the  proper  values  to 
be  assigned  to  certain  modifying  constants,  I  long  ago  became  con- 
vinced of  the  unreliable  character  of  the  Chezy  formula — 

y=cVbi 

especially  when  applied  to  determine  the  flow  in  large  channels  or 
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pipes.  I  assume  it  to  be  a  well-known  fact  that  the  value  of  "  0"  in 
this  formula  varies,  between  wide  limits,  with  the  size  of  the  channel 
or  pipe,  and  with  the  velocity  of  the  flow. 

Because  of  this  variation  I  have  not  relied  upon  the  formula, 
except  where  rough  approximations  to  the  truth  only  were  required. 
Where  greater  accuracy  has  been  necessary  or  desirable,  I  have  em- 
ployed a  formula  of  my  own  construction,  which,  while  simple  and 
readily  applied,  gives  entirely  trustworthy  results.     This  formula — 

v=c  VRi 

=  c  yWhT 

in  which  R  and  /are  as  used  in  the  Chezy  formula,  and  d  and  h  repre- 
sent the  diameter  of  the  pipe  and  the  frictional  head  per  mile,  respect- 
ively. 

These  formulas,  or  their  equivalents,  have  been  used  by  me  for  many 
years,  and  they  will  be  used  in  discussing  the  paper  under  considera- 
tion. 

In  order  to  establish  the  credibility  of  these  formulas,  I  present  a 
table  constructed  from  observed  values,  in  experiments  upon  the  flow 
of  water  in  pipes,  by  Dr.  Lampe,  in  connection  with  the  Danzig 
Water  Works,  and  by  Mr.  F.  P.  Stearns,  M.  Am.  Soc.  C.  E.,  in  connec- 
tion with  the  Sudbury  Conduit  of  Boston  water  works.  These 
results,  together  with  other  data  relating  to  the  experiments,  were 
given  by  Mr.  Stearns  in  a  paper  read  by  him,  and  published  in  the 
Transactions  of  the  Society,  in  January,  1885. 

The  velocities  given  in  Mr.  Stearns'  tables  appear  to  have  been 
deduced  from  accurately  measured  quantities,  and  are  regarded  as 
exceptionally  reliable. 

In  the  accompanying  table  I  have  inserted  "  calculated"  velocities, 
for  comparison,  which  have  been  obtained  by  the  use  of  the  formulas 
to  which  reference  has  been  made.  I  have  also  inserted  values  of 
h,  deduced  from  the  values  of  7,  and  values  of  C,  deduced  from 
measured  deliveries  and  sizes  of  pipes. 

It  will  be  observed  that  one  of  the  mains  experimented  upon  had  a 
diameter  of  1.373  ft.,  while  the  other  had  a  diameter  of  4  ft.  ;  also, 
that  the  " calculated  "  velocities  ranged  from  1. 29%"  above,  to  2.65,%' 
below,  the  actual  velocities  ;  with  a  mean  difference,  or  error  of 
— 0.805%';  also,  that  the  values  of  G  range  between  110.7  and  142.11 
for  clean  pipes,  both  of  which,  it  is  understood,  were  coated. 
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In"  making  the  comparisons,  the  results  in  Mr.  Stearns'  experi- 
ment  No.  1,  which  were  by  him  pronounced  "anomalous,"  have  been 
rejected.  The  results  in  this  experiment  are  obviously  affected  by 
some  undetected  error,  either  in  the  experiment  itself  or  in  the  records 
which  were  kept  at  the  time  it  was  made. 

Assuming,  now,  that  there  is  sufficient  warrant  for  employing  the 
formula  which  I  have  constructed,  let  us  proceed  to  an  examination  of 
the  questions  suggested  by  Mr.  Duane's  interesting  paper. 

First. — What  was  the  probable  delivery  of  the  Aqueduct  proper, 
when  the  area  of  the  section  of  the  flowing  stream  was  49.24  sq.  ft. ;  R, 
2.38ft.,  and/,  0.00021? 

The  author  of  the  paper,  presumably  using  C=135,  gives  us 
96  000  000  galls,  per  day,  equivalent  to  148.54  cu.  ft.  per  second,  and 
indicating  a  mean  velocity  of  3.016  ft.  per  second. 

At  the  outset  we  are  confronted  with  the  necessity  of  making  a 
"scientific,"  or  practical  "guess";  for  our  formula,  after  all,  contains  a 
coefficient  adapted  to  the  clean-coated  surfaces  of  iron  pipes,  which 
must  be  judiciously  modified,  in  order  to  adapt  it  to  other  surfaces. 
There  is  authority  for  the  assumption  that  our  coefficient  should  be 
diminished,  say,  1.0%,  in  order  to  adapt  the  formula  to  such  a  surface 
as  that  of  the  old  Croton  Aqueduct  is  supposed  to  have  ;  that  is,  the 
surface  of  a  plaster  of  rich  hydraulic  cement  mortar,  composed,  say, 
of  2  parts  cement  and  1  part  sand. 

Our  formula,  with  its  coefficient  thus  modified,  gives  for  the  mean 
velocity  of  the  flow  in  the  Aqueduct,  3.036  ft.  per  second,  equivalent 
to  a  daily  delivery  of  96  607  400  galls. ,  which  exceeds  Mr.  Duane's 
estimate  by  0.63  per  cent. 

Second. — What  would  have  been  the  capacity  of  the  5  992  ft.  of  48- 
in.  main,  in  Tenth  Avenue,  experimented  upon  in  1881,  with  the  loss 
of  head  then  observed,  3.39  ft.,  had  its  inner  surface  been  clean  and 
coated  in  the  usual  manner  ;  and  what  was  the  efficiency  of  the  actual 
tuberculated  main  V 

Mr.  Duane  estimates  the  actual  delivery,  by  each  of  the  five  48-in. 
mains  then  in  use,  after  deducting  an  estimated  diversion  from  the 
Aqueduct  proper  of  3  500  000  galls,  daily,  at  18  500  000  galls,  per  day ; 
with  an  observed  loss  of  head  of  3.39  ft.  in  a  length  of  5  992  ft., 
equivalent  to  2.987  ft.  per  mile  of  main.  From  this  estimate  he  de- 
duces C  =  96,  which  is  29%  less  than  "that  assigned  to  it  in  modern 
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practice,"  indicating  an  efficiency  of  0.71,  as  compared  with  the  de- 
livery of  a  clean-coated  main. 

Our  formula  gives  for  such  a  main  48  ins.  diameter,  and  with  a  loss 
of  #ead  of  3.39  ft.  in  a  length  of  5  992  ft.,  a  mean  velocity  of  3.205  ft. 
per  second,  and  a  daily  delivery  of  26  026  200  galls.  Taking  our  esti- 
mated daily  delivery  of  the  Aqueduct  proper  of  96  607  400  galls. ,  and 
deducting  Mr.  Duane's  estimated  diversion  of  3  500  000  galls. ,  we 
get  for  the  probable  delivery  of  the  five  tuberculated  pipes  in  1881 
93  107  400  galls. ,  or  a  mean  daily  delivery  for  each  main  of  18  621  480 
galls. 

This  result  compared  with  our  estimated  capacity  of  a  clean  pipe, 
other  things  being  the  same,  shows  an  efficiency  of  0. 715  for  the  tuber- 
culated main,  or  a  loss,  in  capacity  for  delivery,  of  28.5%,  due  to  foul- 
ing of  its  inner  surface. 

Let  it  be  noted  here  that  this  result,  which  is  practically  identical 
with  that  obtained  by  Mr.  Duane,  is  found  by  a  comparison  of  esti- 
mated deliveries  in  the  Aqueduct  proper,  and  in  a  clean-coated  48-in. 
main  ;  while  Mr.  Duane's  result  is  found  by  a  comparison  of  a  value  of 
C  =  135,  for  the  Aqueduct  proper,  which  has  been  found  to  give 
"satisfactory  average  results,"  with  a  deduced  value  of  C  =  96  ; 
the  latter  coefficient  being  28.9%  less  than  the  former.  We  have  used, 
in  estimating  the  deliveries  of  the  Aqueduct  and  main,  coefficients  dif- 
fering by  only  10%,  in  order  to  provide  for  the  difference  in  the  char- 
acters of  the  surfaces  of  the  two  conduits. 

By  the  use  of  our  formula,  we  get  for  the  diameter  of  a  clean-coated 
main,  which,  with  a  loss  of  head  of  3.39  ft.  in  a  distance  of  5  992  ft., 
would  deliver  18  621  480  galls,  a  day,  or  28.81  cu.  ft.  per  second, 
3.516  ft.  Thus,  it  appears  that  in  consequence  of  the  tuberculation, 
the  effective  diameters  of  the  mains  in  Tenth  Avenue  have  been  re- 
duced from  48  ins.  to  about  42.2  ins.;  representing  a  reduction  of 
22.72%  in  their  effective  transverse  sectional  areas.  It  appears,  also, 
that  this  reduction  in  effective  area,  effecting  a  reduction  of  28.5%  in 
the  capacity  of  the  mains  to  deliver  water,  was  caused  by  tubercles 
none  of  which  exceeded  1  in.  in  height,  and  whose  average  height  was 
probably  not  much,  if  any,  greater  than  £  in. 

It  follows,  then,  that  of  the  entire  reduction  in  the  capacity  of  the 
fouled  mains  to  deliver  water,  less  than  one-fifth  was  due  to  the  reduc- 
tion  in  their  sectional  areas  ;    while  more  than  four-fifths  was  due  to 
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the  increased  friction  between  the  water  and  their  fouled  inner  sur- 
faces. 

Third. — "What  was  the  probable  delivery  of  the  4  123  ft.  of  elean- 
coated  48-in.  main  in  Tenth  Avenue  and  Eighty-fifth  Street,  wiUh  a 
loss  of  head  of  0.74  ft.,  and  what  was  the  probable  efficiency  of  the 
5  306  ft.  of  tuberculated  48-in.  main,  with  a  loss  of  head  of  1.86  ft.? 

Here  we  have  for  the  first  time  complete  data  for  reliable  estimates. 
Our  formula  gives,  in  the  case  of  the  clean-coated  main,  a  mean  veloc- 
ity of  1.697  ft.  per  second,  and  a  daily  delivery  of  13  750  000  galls.,  re- 
sults which  are  about  5.1°q  less  than  were  obtained  by  Mr.  Duane, 
using  in  connection  with  the  tuberculated  main  his  deduced  value  of 
96  for  C  in  making  the  estimate. 

The  values  of  7,  for  the  sections  of  clean  and  tuberculated  main, 
were  0.00018  and  0.00035,  respectively;  or  the  loss  of  head  per  foot  of 
tuberculated  pipe,  due  to  the  volume  of  the  water  delivered  to,  and 
carried  by,  the  clean-coated  pipe,  with  a  loss  of  0.00018  per  foot  was 
0.00035  ft. 

The  efficiency  of  the  tuberculated  section  of  the  main,  as  compared 
with  that  of  the  clean-coated  section,  taken  as  unity  expressed  by 
the  mth  root  of  the  ratio  of  the  losses  of  head,  we  find  to  be  0.691, 
indicating  a  loss  in  efficiency,  due  to  fouling,  of  30. 9%,  as  against 
28.5%  loss  in  the  case  of  the  other  five  48-in.  mains  which  were  em- 
braced in  the  first  experiment,  and  which  extended  from  One  Hundred 
and  Thirteenth  Street,  along  Tenth  Avenue  and  Ninety-third  Street, 
to  the  gate-house  at  Ninety -third  Street  and  Ninth  Avenue,  a  distance 
of  5  992  ft. 

We  find  that  a  clean-coated  pipe,  3.471  ft.  in  diameter,  with  a  loss  of 
head  of  1.86  ft.  in  a  length  of  5  306  ft. ,  would  carry  the  13  750  000  galls, 
estimated  to  have  been  delivered  by  the  clean-coated  pipe,  in  the  second 
experiment,  with  a  loss  of  head  of  0.74  ft.  in  a  length  of  4  123  ft. 

Here  we  have  our  effective  diameter  reduced  from  48  ins.  to  41.65 
ins.,  by  the  fouling  of  its  inner  surface;  representing  a  reduction  of 
24.71,%'  in  the  effective  cross-sectional  area  of  the  pipe. 

The  results  which  we  have  obtained,  supplemented  by  Mr.  Duane's 
observations  or  experiment,  during  the  fall  of  1892,  lead  us  to  the 
following  conclusions: 

First. —  The  maximum  cfi'cct  of  tuberculation  was  produced  at  the 
end  of  seven  years,  or  in  1881. 
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Second. — This  maximum  effect  appears  to  have  been  a  reduction  of 
about  30/6  in  the  capacity  of  the  48-in.  main  to  deliver  water. 

This  conclusion  is  identical  with  one  of  the  conclusions  reached  by 
the  author  of  the  paper,  by  a  different  and,  as  we  think,  less  satis- 
factory process. 

Thrid. — Coated  mains,  42  ins.  diameter,  would  have  served  as  well 
as  the  48-in.  uncoated  pipes,  and  would  have  saved  to  the  City  of  New 
York  the  difference  in  the  cost  of  the  two  sizes  of  pipe,  together  with 
interest  upon  that  difference,  for  an  indefinite  period. 

Fourth. — That  it  is  not  safe  to  rely,  in  important  hydraulic  works, 
upon  assumed  or  deduced  values  of  C,  in  the  Chezy  formula,  since 
its  value  is  affected  by  three  ever-varying  conditions,  namely,  size  of 
pipe,  velocity  of  flow  in  it,  and  the  condition  of  its  surface. 

In  conclusion,  I  beg  to  offer  to  Mr.  Duane  my  personal  thanks  for 
the  interesting  and  valuable  facts  which  he  has  observed  and  presented 
in  his  paper. 
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RESTORATION    OF    THE    CABLE    ENDS    OF    THE 

COVINGTON  AND  CINCINNATI  SUSPENSION 

BRIDGE.— DISCUSSION  ON  PAPER  No.  57S. 


By  F.  Coldingwood,  L.  L.  Buck,  H.  B.  Seaman,  John  Thomson,  A.  J. 

Fbith,  S.  Whinery,  H.  S.  Haines,  H.  F.  Dunham,  E.  B.  Gosling, 

E.  P.  North,  Theodore  Cooper  and  G.  Bouscaren. 


F.  Collingwood,  M.  Am.  Soc.  C.  E. — The  paper  by  Mr.  Bouscaren 
is  a  very  interesting  one,  and  describes  clearly  tlie  novel  method  pur- 
sued in  repairing  the  damage  to  the  cables  which  had  been  caused  by 
rust.  Such  experiences  emphasize  the  importance  of  so  constructing 
the  vital  parts  of  any  bridge  that  they  can  be  examined  at  all  times 
without  difficulty. 

There  is  one  point  in  the  paper  upon  which  further  information  is 
desirable.  I  refer  to  the  statement  respecting  the  friction  available 
from  the  clamps  on  the  cables.  This  seems  to  have  been  determined 
upon  the  supposition  of  a  free  movement  of  the  wires  upon  each  other, 
and  that  the  pressure  effective  in  producing  friction  will  have  the  same 
ratio  to  the  sum  of  the  strains  in  the  bolts  as  the  circumference  of 
the  cable  has  to  its  diameter.     It  must  be  conceded  that  there  will  be 
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a  total  ju'essure  of  540  tons  each  side  of  the  diametrical  plane  at  right 
angles  to  the  bolts.  Hence,  with  a  coefficient  of  friction  of  0.25  there 
may  result  :  540  x  2  X  0.25  =  270  tons. 

This  is  considerably  less  than  the  amount  taken;  it  involves  also 
the  question  as  to  just  what  value  the  coefficient  of  friction  has.  I 
would  ask  whether  experiments  have  been  made  in  this  direction.  The 
experience  of  engineers  in  using  clamps  upon  wire  rope  is  that  it  is  a 
difficult  matter  to  obtain  a  firm  hold  in  that  way. 

In  1883  I  was  called  upon  to  examine  and  repair  the  cables  of  the 
Allegheny  Suspension  Bridge.  The  cables  entered  the  masonry  but 
about  3  ft.  below  the  surface  of  the  sidewalks,  and  were  subject,  there- 
fore, to  considerable  alternations  of  temperature.  The  ends  were  en- 
closed in  canvas,  the  spaces  being  then  filled  with  coal  tar,  and  the 
whole  surrounded  by  concrete  and  masonry.  The  heat  in  summer 
caused  the  coal  tar  to  ooze  away  in  part  into  the  masonry,  and  then,  by 
slow  condensation,  the  space  became  filled  with  water  which  contained 
considerable  sulphur  and  carbonic  acid,  resulting,  doubtless,  from  the 
smoke  of  the  region.  Many  of  the  wires  were  deeply  pitted  and  others 
rusted  off.  Fortunately  no  great  damage  had  been  done  to  the  wires 
at  and  near  the  shoes,  or  the  method  of  repair  by  splicing  new  pieces 
into  the  damaged  wires  would  not  have  been  adopted.  The  splices 
were  made  by  filing  sloping  faces  3  ins.  long  on  the  ends  to  be  spliced, 
then  nicking  the  convex  surfaces,  lapping  the  ends  and  wrapping 
them  tightly  for  4  ins.  with  finer  wire. 

A  special  apparatus  was  devised  by  which  an  extra  tension  was 
given  in  the  wire  outside  the  apparatus,  so  that,  when  the  splice  was 
completed,  the  proper  tension  remained  in  the  wire.  The  tension  was 
in  every  case  tested  by  pulling  the  wire  from  a  straight  line  a  measured 
distance,  and  noting  with  a  small  spring  balance  the  power  required  to 
do  this.  After  a  little  experience  the  workmen  were  able  to  so  adjust 
the  lengths  that  they  rarely  missed  obtaining  the  proper  tension  at  the 
first  trial.  Several  special  tools  were  devised  during  the  progress  of 
the  work,  and  full  details  will  be  found  in  the  paper  mentioned  in  the 
foot-note.* 

To  prevent  damage  in  the  future,  tunnels  with  manholes  were  built 
around  the  cable  ends,  and  the  latter  beyond  the  wrapping  and  within 

*  See  paper  "  On  Repairing  the  Cables  of  the  Allegheny  Suspension  Bridge  at  Pittsburgh/" 
by  Frauds  Collingvvood,  M.  Inst.  C.  E.  Minutes  of  Proceedings  of  the  Institution  of  Civil 
Engineers,  Vol.  LXXVI,  p.  334. 
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the  masonry  were  entirely  enclosed  in  best-quality  paraffine  wax.  This 
was  poured  into  a  temporary  mold  while  very  hot,  so  as  to  surround 
every  wire  closely. 

A  piece  of  the  old  wire  which  was  free  from  pits  or  rust  was  tested, 
and  gave  substantially  the  same  stretch  and  strength  as  new  wire;  and 
there  was  no  evidence  that  any  of  the  wires  had  been  changed  or 
damaged  other  than  by  rust. 

The  diameter  of  the  tested  wire  was  0. 144  in. ,  giving  an  area  of 
0.1626  sq.  in.,  and  its  breaking  strength  was  1  450  lbs.,  or  at  the  rate  of 
89  015  lbs.  per  square  inch.  Under  a  stress  per  wire  of  200  lbs.,  in- 
creased by  successive  additions  of  100  lbs.  up  to  800  lbs.,  the  stretch 
increased  0.000210  to  0.000275  ft.  for  each  100  lbs.  added.  The  stretch 
at  rupture  was  0.0208  ft.  or  £  in.  in  1  ft.  A  new  Bessemer  steel  wire 
of  about  the  same  diameter  gave  practically  the  same  stretch,  but  it 
Avas  not  so  regular.  The  breaking  strength  was  90  422  lbs.  per  square 
inch.    The  elongations  were  all  measured  by  Paine's  multiplying  gauge. 

L.  L.  Buck,  M.  Am.  Soc.  C.  E. — Mr.  Bouscaren's  description  of  the 
condition  of  the  ends  of  the  cable  strands  of  the  Cincinnati  Bridge 
would  have  applied  equally  well  to  that  of  the  Niagara  cables'  ends,  at 
the  time  they  were  inspected  in  1887.  The  same  want  of  care  mani- 
fested in  permitting  an  occasional  spawl  of  limestone  to  come  into 
contact  with  the  wires,  which  ate  quite  through  some  of  them  and  the 
crust  of  rusted  mortar,  is  called  to  mind  very  vividly. 

The  appearance  suggested,  to  my  mind,  that  of  a  partially  un- 
covered Egyptian  mummy,  and  the  feeling  expei-ienced  in  starting  to 
remove  it  was  not  much  different  from  that  of  an  archaeologist  in  un- 
covering a  valuable  specimen  of  those  very  cheerful  objects. 

I  found  that  the  removal  of  the  crust  was  greatly  facilitated  by 
thoroughly  soaking  it  with  kerosene  oil,  frequently  applied,  for  a  day 
or  two,  and  then  chipping  it  away  with  a  chisel.  In  this  way,  qtiite 
large  chunks  would  come  off.  Great  care  was  used  in  chipping;  and 
by  always  keeping  the  edge  parallel  with  the  wires,  it  was  accomp- 
lished without  injuring  any  of  them  in  the  least. 

In  the  case  of  the  Niagara  cables,  the  seven  strand  ends  wen-  each 
looped  around  a  cast  shoe.  Four  of  these  shoes  alternated  with  five 
eye-bars,  and  were  connected  by  a  3} -in.  pin.  The  other  three  shoes 
were  connected  in  the  same  manner  with  four  eye-bars  by  a  3  J -in.  pin 
and  placed  above  the  first  set. 
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The  mortar  used  in  covering  the  strands  was  composed  of  sand  and 
Thorold  cement,  and  was  very  good.  It  is  my  opinion  that  Mr. 
Roebling's  idea  of  the  protective  effect  of  cement  mortar  upon  metals 
imbedded  in  it,  under  proper  conditions,  was  in  the  main,  correct. 
In  cases  where  no  spawls  came  in  contact  with  the  iron,  and  there  was 
no  movement  of  the  metal  in  the  mortar,  it  was  entirely  bright  after 
25  years.  To  be  sure,  the  iron  had  been  painted  before  covering  with 
mortar,  so  that  it  is  possible  that  the  mortar  only  protected  the  paint 
and  that  in  turn  the  iron. 

Aside  from  the  spawls,  the  difficulty  in  the  Niagara  case  arose  from 
the  fact  that  the  strands  elongated  considerably  with  every  load 
that  went  upon  the  bridge,  and  the  rigid  masonry  not  being  able 
to  go  with  them,  there  was  a  sort  of  2:>orous  portion  immediately 
surrounding  the  group  of  strands,  and  this  admitted  water  which 
the  cables  had  conducted  to  it.  The  portion  of  mortar  between  the 
strands  had  conformed  more  to  their  movements.  Consequently,  the 
main  injury  was  confined  to  the  outer  sides  of  the  outer  strands  of 
the  groups. 

Beginning  at  the  band,  where  the  divergence  begins,  the  etching 
was  slight,  but  went  quite  around  the  cable.  Thence  toward  the  shoes 
it  appeared  to  increase  on  the  lower  strands  and  become  less  on  the 
upper,  till  at  the  shoes  it  was  the  worst  on  the  under  side  where  the 
loop  of  the  lower  strands  began. 

This  portion  must  have  been  damp  most  of  the  time. 
Tests  of  specimens  cut  from  defective  wires  showed  very  similar 
results  to  those  given  by  Mr.  Bouscaren.  The  stretch  was  consider- 
ably less  than  that  given  by  Mr.  Roebling  in  his  report  of  original  tests 
of  the  same,  but  this  is  easily  accounted  for  by  the  fact  that  the  etch- 
ings served  as  nicks  to  concentrate  the  stretch  to  themselves,  and 
mainly  to  the  weakest  of  such  points.  There  were  no  indications  dis- 
coverable that  the  metal  had  undergone  any  molecular  change. 

I  was  much  interested  in  Mr.  Bouscaren's  description  of  his  method 
of  re-enforcing  the  strands.  The  method  of  measuring  the  stress  on 
the  new  bars  was  certainly  very  ingenious,  and  is  doubtless  practically 
accurate. 

Mr.  Bouscaren  does  not  state  whether  he  examined  the  pins  in  the 
shoes,  to  ascertain  if  they  were  bent.  In  the  Niagara  instance  they  had 
a  general  bend  from  end  to  end  and  convex  toward  the  towers.     This 
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was  due  in  part  to  the  outer  bars  of  the  chain  having,  if  anything, 
slightly  greater  section  than  the  intermediate  ones,  while  they  had 
very  much  less  stress,  and  to  the  fact  that  as  far  as  the  succeeding 
joints  of  the  chains  were  uncovered,  they  were  found  badly  coupled. 
The  result  was  that  the  intermediate  bars  had  elongated  considerably 
more  than  the  outside  ones. 

It  is  necessary  to  note  two  essential  points  of  difference  in  the  two 
bridges. 

First. — In  the  Cincinnati  Bridge,  the  cables  support  half  spans 
between  the  anchorage  and  towers,  while  in  the  Niagara,  this  portion 
sustains  no  vertical  load  excepting  its  own  weight,  and  hence  passes 
more  directly  from  the  anchorage  to  the  tower.  In  both  cases  the 
stress  is  greater  at  the  tower  than  at  the  anchorage.  But  this  differ- 
ence is  much  greater  in  the  case  of  the  Cincinnati  than  in  that  of  the 
Niagara.  The  difference  in  any  case  is  accurately  measured  by  the 
difference  in  the  secants  of  the  angles  made  by  lines  tangent  at  the 
two  points  with  the  horizontal. 

Second. — The  Cincinnati,  being  for  common  traffic,  will  seldom  re- 
ceive its  maximum  loading,  and  that  will  always  move  upon  it  very 
gradually,  while  the  Niagara  receives  its  maximum  allowable  load 
many  times  each  day,  and  it  frequently  moves  on  in  half  a  minute. 

Now,  if  the  wires  in  the  cable  are  so  firmly  gripped  by  the  band  at 
the  divergent  point  of  the  strands  and  by  the  wrapping  that  they  can- 
not slip,  and  thus  weaken  the  cable  at  the  tower,  a  certain  number 
could  be  cut  at  the  anchorage  and  not  affect  the  sustaining  power  of 
the  cable.  At  Niagara,  the  difference  between  the  stresses  at  towers 
and  anchorage  was  not  very  great,  and  there  was  also  reason  to  doubt 
whether  the  severed  wires  might  not  have  slipped,  so  as  to  lose  a 
portion  of  their  stress  at  the  towers.  If  so,  there  was  no  other  way  to 
do  except  to  splice  each  wire  and  give  it  its  individual  share  of  the 
stress.  This  was  successfully  accomplished  as  described  in  my  paper 
on  that  work,  and  would  take  too  much  time  to  repeat  here. 

In  the  case  of  the  Cincinnati  Bridge,  a  greater  portion  of  strength 
at  the  ends  of  the  cables  could  have  been  dispensed  with,  but  not 
having  the  necessary  data,  I  have  not  estimated  it.  With  the  main 
band  at  the  point  of  divergence  of  the  strands,  and  the  numerous  cable 
bands,  all  gripping  the  cable  tightly,  it  is  not  probable  that  any  of  the 
wires  slipped,  so  as  to  relieve  them  of  their  share  of  the  stress  at  the 
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towers.  The  numerous  clamps  put  on  by  Mr.  Bouscaren  will  effectu- 
ally prevent  slipping  hereafter.  Whatever  the  loss  of  strength  at  the 
diverging  strands  exceeds  the  difference  of  stress  between  tower  and 
anchorage,  it  will  be  satisfied,  and  if  the  bars  have  received  a  stress  in 
excess  of  that,  they  will  be  a  benefit  in  case  the  outer  bars  of  the  chains 
are  as  large  as  the  intermediate  ones,  as  the  new  rods  will  transfer  a 
portion  of  the  stress  from  the  intermediate  to  the  outer  ones. 

Mr.  CoiiLTNGWooc — There  is  one  bit  of  experience  I  had  on  the 
Allegheny  Bridge  which  may  be  of  interest  in  other  cases.  The  bridge 
had  been  painted  so  much  that  there  was  a  thick  coating  on  the  cables 
which  was  full  of  circumferential  cracks.  To  paint  over  these  with  a 
thin  coat  of  paint  was  almost  sure  to  lead  to  a  crack  again  in  the  same 
place.  I  reported  to  the  proprietors  of  the  bridge  that  it  was  desir- 
able to  remove  the  old  paint  before  repainting,  and  received  orders  to 
do  it.  I  found  I  had  a  contract  on  my  hands.  The  first  thought  was 
to  scrape  it,  but  that  did  not  work,  on  account  of  the  gumminess  of 
the  covering.  The  painter  thought  he  could  burn  it  off,  but  soon 
found  this  utterly  impracticable.  The  thought  then  occurred  to  me 
that  it  could  be  sliced  off,  and  a  broad  chisel  was  procured  for  the  pur- 
pose. The  first  cut  with  this  took  more  off  than  we  had  been  able  to 
do  with  five  minutes'  work  the  other  way.  A  foot  in  length  of  the 
cable  was  cleaned,  so  as  to  get  some  sort  of  a  standard  of  the  time 
required,  and  each  man  was  required  to  clean  15  ft.  per  day.  As  it  was 
rather  difficult  to  cut  entirely  around  the  cable  with  a  chisel,  drawing 
knives  were  obtained  ;  so  with  chisel  and  drawing  knives  and  a  grind- 
stone, keeping  one  man  sharpening  all  the  time,  we  took  the  paint  off. 
We  had  no  trouble  after  we  discovered  how  to  do  it,  and  it  was  a  great 
improvement  on  any  other  method. 

H.  B.  Seaman,  M.  Am.  Soc.  C.  E. — Did  you  ever  try  ammonia  ? 

Mr.  CoLiiiNGWooc— It  would  have  been  a  big  job  to  clean  2  000  ft. 
of  cables  in  that  way. 

John  Thomson,  M.  Am.  Soc.  C.  E.— How  thick  was  the  paint  ? 

Mr.  Collingwood. — It  was  nearly  -fig  in.,  as  I  now  remember. 

Mr.  Buck. — The  Niagara  cables  were  the  same  way,  only  not  to  that 
thickness.  They  were  cracked  a  good  deal  when  they  were  using  white 
paint.  I  found  that  zinc  paint  removes  that  difficulty  better,  keeping 
its  flexibility  longer.  We  have  used  zinc  paint  for  some  10  or  12  years 
now. 
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A.  J.  Frith,  M.  Am.  Soc.  C.  E. — I  would  like  to  ask  Mr.  Collingwood 
about  the  difficulty  of  holding  the  clamps  on  the  wire  cable  ;  what 
methods  were  used  in  fastening  those  clamps  and  what  were  the 
results  ? 

Mr.  Collingwood. — To  what  clanips  do  you  refer  ? 

Mr.  Frith. — You  were  sjDeaking,  in  your  discussion  that  you  read, 
of  the  friction  of  the  clamps,  etc.,  the  difficulty  of  holding  the 
clamps. 

Mr.  Collingwood. — It  will  be  remembered  that  the  ropes  for  sup- 
porting the  cradles  and  the  footbridge  were  from  2£  to  2 J  ins.  in 
diameter.  In  hauling  them  up  to  the  anchorage,  after  passing  them 
over  the  towers  (while  the  tension  was  light),  they  used  clamps  ;  inside 
these  were  cast  so  as  to  fit  the  twists  in  the  rope,  and  they  were  fast- 
ened together  with  screw-bolts  and  nuts.  My  notes  show  at  least  two 
cases  of  slipping  of  these  clamps  on  the  ropes  ;  the  hold  which  never 
slipped  was  that  of  the  chain  or  chains  fastened  by  hitching,  to  use  the 
sailors'  phrase.  One  of  the  heaviest  ropes,  I  remember,  had  the 
chain  fastened  at  the  draught  end  by,  first  a  rolling  hitch,  then  three 
rolls,  followed  by  a  half-hitch,  and  the  free  end  finally  seized  to  the 
rope.  A  plan  sometimes  pursued  is  to  pass  a  rope  around  a  curved 
eye,  and  then  to  clamp  the  free  end  to  the  standing  part  of  the  rope 
by  clamps  fastened  together  with  bolts  and  nuts.  Undoubtedly,  the 
most  secure  fastening  is  that  of  the  conical  socket,  secured  on  the  end 
of  the  rope  by  means  of  long,  tapering  pins  driven  in  between  the 
wires. 

Mr.  Buck. — It  is  much  more  difficult  to  take  a  large  bundle  of  wires 
and  anchor  them  by  means  of  a  clamp.  That  is  the  case  with  a  wire 
rope.  The  inner  wires  of  the  bundle  will,  many  of  them,  receive  little 
pressure  from  the  clamp,  and,  as  they  are  all  parallel,  it  is  not  practi- 
cable to  hold  them  all  securely.  In  the  case  of  the  rope,  the  twisting 
lias  somewhat  the  effect  of  interlocking  ;  but  even  a  rope  of  any  con- 
siderable  size  is  not  easily  anchored  by  a  clamp. 

Mr.  Frith. — It  is  a  question  of  pressure. 

Mr.  Buck. — You  may  get  enough  pressure  on  the  outer  wires  to 
hold  them,  but  the  inner  wire  will  not  be  held  by  the  clamps. 

Mr.  Frith. — Is  it  not  a  question  of  the  amount  of  pressure  ? 

Mr.  Buck. — Yes ;  if  you  get  pressure  enough  on  a  wire  it  will 
hold  it. 
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Mr.  Frith. — The  idea  is  that  the  requisite  pressure  cannot  be 
obtained  with  the  clamps  '? 

Mr.  Buck. — Yes  ;  it  will  not  properly  secure  the  rope.  In  Mr. 
Bouscaren's  work  probably  most  of  the  broken  wires  were  around  the 
outside  of  the  bundle,  and  in  that  case  the  numerous  clamps  gripping 
them  directly  would  probably  secure  them.  But  if  they  had  slipped 
before  the  clamps  were  put  on,  the  latter  could  not  restore  the  stress 
such  wires  had  lost  by  slipping. 

Samuel  Whtnery,  M.  Am.  Soc.  C.  E. — I  had  the  pleasure  of  talk- 
ing with  Mr.  Bouscaren  while  he  was  engaged  on  this  work,  but  did 
not  visit  it  when  in  progress.  I  am  able  to  answer  one  of  the  questions 
that  has  been  asked.  That  is,  in  reference  to  the  pins.  The  pins  are 
larger  than  in  the  Niagara  Bridge.  What  was  the  diameter  of  the  pins 
in  the  Niagara  Bridge  ? 

Mr.  Buck. — Three  inches. 

Mr.  Whtnery. — I  think  Mr.  Bouscaren  told  me  that  the  pins  were 
apparently  uninjured  and  apparently  not  bent  in  any  way.  Mr.  Bous- 
caren, when  the  work  was  in  progress,  some  months  since,  gave  a  valu- 
able account  of  it  at  a  meeting  of  the  Cincinnati  Engineers'  Club,  and 
the  subject  received  some  discussion  at  the  time.  The  question  of  the 
extent  to  which  the  clamps  took  hold  of  the  cable  was  discussed  there. 
The  point  was  raised,  as  a  possible  fact  affecting  the  friction,  that  as 
a  matter  of  fact  the  rings  or  clamps  did  not  take  hold  around  their 
whole  surface,  since,  as  the  wires  were  cylindrical,  they  only  touched 
each  wire  at  a  small  portion  of  its  surface.  It  used  to  be  the  theory 
that  friction  was  independent  of  the  area  of  the  surfaces  in  contact, 
but  recent  experiments  show  that  it  is  not  strictly  true.  To  what 
extent  this  fact  would  affect  the  holding  power  of  the  clamps  I  am  not 
prepared  to  say.  There  may  be  a  possibility  of  more  or  less  motion  in 
the  wires,  due  to  expansion  and  contraction  under  tension  and  differ- 
ence of  load,  and  as  these  clamps  take  hold  only  of  the  outer  wires  of 
the  cable,  it  must  throw  a  largely  increased  proportion  of  the  strain  on 
those  wires. 

There  is  another  matter  I  should  like  to  ask  about.  I  recollect 
seeing  in  one  of  the  technical  papers,  a  few  years  since,  that  some 
chemical,  which  I  think  was  chloride  of  zinc,  had  the  property  of 
removing  entirely  iron  rust,  without  in  any  way  affecting  the  metallic 
iron.     I  don't  know  whether  I  am  correct  about  the  substance  being 
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chloride  of  zinc.  I  would  like  to  ask  if  any  member  here  has  any 
information  on  that  point  ? 

Mr.  Collingwood. — I  would  like  to  ask  Mr.  Whinery  whether  I 
understand  him  rightly,  that  the  clamps  used  by  Mr.  Bouscaren  were 
put  over  the  wrapping,  and  did  not  come  directly  in  contact  with  the 
parallel  wires  of  the  cable  ?  How  does  he  know,  in  that  case,  exactly 
what  pressure  he  gets  on  the  interior  wires  ? 

Mr.  Whinery. — I  think  I  was  correct  in  saying  they  were  so  placed. 
I  think  the  wrapping  was  not  removed. 

Mr.  Coi/lingwood. — The  point  I  want  to  get  at  is,  can  the  exact 
pressure  on  the  interior  wires  be  known. 

Mr.  Thomson. — Is  it  not  a  question  if  you  get  any  ? 

Mr.  Buck. — He  may  get  some  pressure  as  the  cable  bands  are  bound 
around  the  cable  tightly,  it  just  brings  those  wrappings  around  and 
makes  them  bulge  where  the  suspender  hitches  in  ;  it  occurs  to  me 
that  the  wrappings  there  have  some  general  bearing  on  the  wire;  they 
might  compress  into  each  other  and  make  them  hold  more  effectively 
still.     That  might  make  it  hold  a  little  stronger. 

H.  S.  Haines,  M.  Am.  Soc.  C.  E. — I  don't  know  that  it  has  any 
very  direct  bearing  upon  this  particular  question,  but  it  only  occurred 
to  me  to  mention  that  we  have  found  cement  to  be  a  valuable  protec- 
tion for  a  ship  against  oxidation  from  bilge  water.  I  have  seen  it 
where  these  plates  had  been  for  four  or  rive  years  under  the  bilge 
water,  when  they  were  just  as  bright  under  the  cement  as  when  the 
ship  was  built.  This  has  been  the  experience  in  the  American  and 
British  navies,  that  cement  applied  to  the  surface  of  plate  in  the  bilge 
water  under  the  engine-room  and  fireroom  does  protect  them  against 
oxidation.  Of  course,  in  this  instance,  if  the  movement  of  the  cable 
wires  caused  them  to  break  away  from  the  cement  and  permit  water  to 
percolate  into  them,  its  value  as  a  protection  would  be  lost. 

Mr.  Whinery. — Mr.  President,  I  have  imagined  that  the  effect  of 
mortar  upon  iron  depended  somewhat  upon  the  constituents  of  the 
cement.  Cements  that  contain  a  very  small  amount  of,  or  no,  sulphur, 
would,  I  imagine,  protect  the  iron  pretty  thoroughly.  But  I  think  a 
small  percentage  of  sulphur,  which  all  our  natural  cements  contain 
(and  I  believe  natural  cement  was  used  in  both  the  Niagara  Bridge 
and  the  Cincinnati  Bridge)  might  account  for  the  corrosive  action  of 
the  cement  to  a  great  extent. 
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The  Chaik. — What  would  be  the  effect  of  the  lime  in  the  cement  ?• 

Mr.  Whineey. — I  do  not  think  it  would  have  a  deleterious  effect. 

Mr.  Buck. —  The  cement  that  Mr.  Roebling  used  was  Thorold 
cement.  On  the  tops  of  the  towers,  the  saddles  and  the  cables  lying 
in  them  were  covered  to  a  considerable  depth  with  cement  mortar  and 
when  it  was  removed  the  wires  were  perfectly  clean  and  bright.  They 
are  so  still. 

Unfortunately  the  mortar  had  worked  down  among  the  rollers  under 
the  saddles  and  formed  little  troughs  in  which  the  rollers  laid,  holding 
the  water  which  leaked  in.  The  result  was  that  the  under  sides  of  the 
rollers  were  flattened,  and  the  bed  plates  grooved  by  rust.  This  pre- 
vented the  rollers  from  moving;  consequently  the  towers  had  to  bend 
to  satisfy  every  movement  of  the  cables.  The  towers  became  so  badly 
cracked  that  they  were  replaced  by  iron  ones. 

H.  F.  Dunham,  M.  Am.  Soc.  C.  E. — I  am  surprised  at  these  facts 
about  the  masonry,  as  I  had  supposed  that  only  the  best  of  material 
and  workmanship  could  have  been  introduced  where  the  integrity  of 
the  work  was  so  important. 

It  would  be  of  interest  to  know  whether  like  imperfect  work  ex- 
tended to  the  anchor  chains  and  pins  at  the  different  places,  and,  if  so, 
what  effect  it  had  there  produced  ? 

The  Chaik. — Can  Mr.  Buck  give  us  some  information  ? 

Mr.  Buck. — All  I  can  say  is  that  we  uncovered  about  four  lengths 
of  the  anchor  chains  in  the  Niagara  Bridge,  and  the  pins  and  bars  there 
were  entirely  free  from  rust.  In  one  place  the  bars  and  chains  had 
been  painted,  and  in  picking  off  the  cement  that  had  covered  them  quite 
a  chunk  would  come  off,  and  underneath  they  looked  as  bright  as 
new.  The  bright  end  of  a  pin  that  had  been  filed  25  years  before 
looked  just  as  if  it  had  been  filed  that  day.  How  it  might  be  down 
below,  where  there  was  sulphur  water,  etc.,  is  a  little  uncertain.  The 
condition  of  the  pins,  chains,  etc.,  decided  us  to  put  new  anchor  chains 
in  and  renew  the  whole  casing,  which  was  done,  50  sq.  ins.  at 
each  end  of  each  cable.  The  question  of  the  bending  of  the  pins  was 
one  thing  that  caused  a  good  deal  of  inquiry;  we  thought  of  it  a  good 
deal;  that  is,  as  to  what  was  the  cause  of  it,  and  how  far  down  it  ex- 
tended. Whether  it  was  an  indication  that  bad  work  was  going  on 
below  was  a  question,  and  all  those  things  decided  us  to  put  in  the  new 
anchorage.     The  whole  thing  was  done  by  sinking  four  anchor  pits  23 
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ft.  deep  on  the  Canadian  side,  17  ft.  deep  on  the  American  side,  and  6 
byJ2j  ft.  in  plan.     The  new  anchorage  complete  cost  $26  000. 

Edgar  B.  Gosling,  Jun.  Am.  Soc.  C.  E. — I  noticed  something  pe- 
culiar on  some  work  of  mine  in  Egypt  about  iron  imbedded  in  beton. 
I  found  that  if  the  beton  was  not  remoistened  until  sometime  after  it 
had  set,  the  iron  imbedded  therein  did  not  rust.  If,  however,  the 
beton  was  moistened  again  before  it  had  set  sufficiently,  the  iron  rods 
did  rust.  I  mention  this,  as  it  might  be  of  some  interest  in  connection 
with  the  discussion  of  the  way  iron  acts  when  used  with  cement. 

Mr.  Coi/lingwood. — I  would  add,  in  reference  to  what  Mr.  Dunham 
says,  that  the  larger  the  anchor  bars,  the  more  trouble  there  is  from  black 
oxide  remaining  on  them  as  they  come  from  the  shops.  I  believe  it  is 
a  fact  that  this  is  liable  to  scale  off  afterwards,  so  as  to  remove  any 
protection  that  may  be  put  upon  the  surface.  In  the  East  Eiver  Bridge 
work,  where  the  anchor  bars  were  very  large,  the  scale  on  the  heads  was 
over  -3\  in.  thick,  and  was  too  heavy  to  be  removed  by  acid  without 
eating  the  bars  ;  the  bars  were,  therefore,  first  put  in  hot  potash  water 
heated  by  steam  for  about  one-half  hour,  to  remove  any  grease  upon 
them;  they  were  then  taken  out,  and  the  thick  scale  hammered  off.  They 
were  next  treated  by  sulphuric  acid  for  four  hours,  then  dipped  in  hot 
lime  water  and  rinsed  and  brushed.  While  they  were  still  hot,  raw 
linseed  oil  was  applied  ;  this  was  followed  by  raw  oil  and  Sj^anish 
brown,  and  then  by  a  coat  of  boiled  oil  and  Spanish  brown,  the 
whole  operation  occupying  about  a  week.  When  placed  in  the  masonry 
all  spaces  were  filled  with  rich,  pure  cement  grout  made  of  Rosendale 
cement. 

Mr.  Buck. — I  know  if  a  limestone  spawl  comes  in  contact  with  iron, 
that  part  is  going  to  rust.  At  Niagara  the  depth  of  £  in.  was  in  such 
cases  eaten  away.  This  is  always  indicated  by  black  spots  on  the  sur- 
face ;  where  you  see  one  of  those  black  spots  you  may  know  the  spawl 
then'  has  been  in  contact  with  the  iron. 

E.  P.  Noeth,  M.  Am.  Soc.  C.  E. — Is  limestone  worse  than  anything 
else  ? 

Mr.  Buck. — Worse  than  anything  that  we  found  at  Niagara. 

Theodore  Cooper,  M.  Am.  Soc.  C.  E. — As  far  as  this  case  goes,  the 
faith  of  Mr.  Roebling  and  other  engineers  in  the  preservative  effects 
of  cement  mortar  need  not  be  shaken,  for,  from  the  author's  descrip- 
tion    of   the    masonry    and  the   wooden   blocks   and    chips   imbedded 
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therein,  the  cables  were  not  imbedded  in  cement  mortar.  The  exam- 
ination of  these  cable  ends,  and  those  heretofore  made  on  the  anchor- 
ages of  the  Niagara  and  Allegheny  bridges,  all  tell  the  same  story — 
corrosion  and  loss  of  strength.  That  cement  mortar  has  in  some 
cases  proved  a  protection  against  oxidation  cannot  always  give  us 
perfect  assurance  that,  in  any  particular  case,  we  have  secured  the 
exact  conditions  necessary  to  prevent  corrosion.  These  conditions,  as 
we  understand  them,  are  total  exclusion  of  acid  substance,  or  of  any 
material  which  may  by  its  own  changes,  produce  any  acid  action. 
While  a  total  exclusion  of  air,  water  and  acids,  or  materials  that  may 
produce  acids,  will  render  oxidation  impossible,  the  obtaining  of  such 
conditions  in  general  practice  is  one  of  great  difficulty.  That  the  best 
and  most  compact  masonry  will  allow  the  passage  of  water,  sufficient 
at  least  to  produce  a  moist  condition  is  undoubted;  pure  water, 
however,  does  not  cause  oxidation,  the  presence  of  an  acid  is  con- 
sidered as  also  necessary.  That  water  percolating  through  cement  has 
any  acids  contained  therein  neutralized  is  the  natural  explanation  of 
the  preservative  character  of  cement  mortar.  If,  however,  the  cement 
covering  be  imperfect,  so  that  any  water  can  pass  without  this  neutral- 
izing of  the  acids,  oxidation  must  be  expected. 

The  method  selected  by  the  author  for  the  treatment  of  this  par- 
ticular case,  appears  the  best  possible  solution,  provided  the  paraffine 
is  pure  and  can  be  maintained  in  its  position. 

The  attachment  of  the  additional  auxiliary  bars  to  the  cable  by 
friction  clamps  was  perfectly  proper  in  this  case,  being  apparently 
the  only  practical  method  ;  but  it  brings  up  a  question  which  has  a 
bearing  upon  all  cable  practice,  viz. ,  what  is  the  effect  upon  the  resist- 
ing power  of  a  cable  from  the  pressures  due  to  these  frictional  attach- 
ments? 

As  the  present  system  of  suspension  bridges  requires  the  use  of 
such  attachments,  it  would  be  well  to  determine  by  actual  experi- 
ments if  with  such  attachments  the  strength  of  the  cables  is  un- 
affected. 

G.  Bouscaeen. — Referring  to  Mr.  Collingwood's  remarks:  I  do  not 
know  of  any  experiment  having  been  made  to  determine  the  ratio 
between  the  pressure  and  friction  in  clamps  on  cables  of  suspension 
bridges.  The  coefficient  of  friction  between  smooth  surfaces  of  iron 
is  given  as  0.19  by  Morin;  between   the   rough  surfaces  of  the  wires 
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and  clamps,  it  should  manifestly  be  much  larger,  the  coating  of  sand 
between  the  two  surfaces  should  give  a  better  grip  than  obtainable 
between  the  driving  wheel  of  a  locomotive  and  rail,  where  the  coeffi- 
cient is  generally  admitted  to  be  not  less  than  0.25. 

The  supposition  that  the  friction  may  be  reduced  to  260  tons  by 
assuming  the  pressure  to  be  applied  only  in  a  direction  parallel  to  the 
clamp  bolts  is  scarcely  admissible  from  the  fact  that  one  effect  of  the 
tension  of  the  clamp  bolts  is  to  close  the  two  holes  of  the  ring  by  bend- 
ing in  a  direction  at  right  angles  with  the  bolts,  the  clamping  action 
on  the  cable  taking  place  in  two  directions  at  right  angles  to  each 
other. 

The  wrapping  of  the  cables  was  not  removed  for  two  reasons :  1st, 
because  it  was  not  considered  advisable  to  deprive  the  wires  of  the 
protection  afforded  by  the  wrapping;  2d,  because  it  was  thought 
that  the  interposition  of  the  wrapping  between  the  clamps  and  the 
wires  would  increase  the  frictional  resistance. 

The  method  of  attachment  by  clamping  is  not  entirely  satisfactory 
in  respect  to  the  uncertainty  which  exists  as  to  the  participation  of  the 
internal  wires  of  the  cable  to  the  stress  transmitted  by  the  clamps, 
but  the  choice  was  limited  between  such  an  attachment  and  the 
splicings  of  the  injured  wires.  The  latter  plan  was  considered  under 
the  circumstances  as  impracticable  and  still  more  uncertain  in  its 
result. 

The  broken  wires  were  carefully  observed  while  the  strands  were 
being  cleansed  and  before  the  clamps  were  placed  in  position,  to  detect 
any  slip  which  might  occur  ;  no  longitudinal  motion  whatever  could 
be  detected,  and  it  is  scarcely  admissible  that  any  could  take  place 
after  the  clamps  were  put  on. 

Referring  to  Mr.  Buck's  question  as  to  the  condition  of  the  pins; 
it  was  impracticable  to  determine  whether  they  were  bent  or  not,  as 
the  ends  only  were  accessible  to  view,  the  cast-iron  shoes  and  the  heads 
of  anchor  bars  forming  a  continuous  casing  over  them. 

Owing  to  the  porosity  of  the  masonry  and  the  fact  that  it  was  gen- 
erally found  saturated  with  moisture,  no  conclusion  can  be  drawn 
from  the  experience  in  this  case  as  regards  the  preservative  action  of 
cement  mortar  on  iron,  when  air  and  water  are  excluded.  In  l.sTii. 
when  the  bridge  over  the  Kentucky  River  was  built  for  the  crossing 
of  the  Cincinnati  Southern  Railway,  several  links  of  the  anchorage  of 
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the  Suspension  Bridge  which  was  partly  built  by  Eoebling  at  the  same 
l^lace  in  1855  were  dug  out  and  were  found  in  a  perfect  state  of  pres- 
ervation, not  a  spot  of  rust  being  apparent  on  the  bars ;  but  the  mortar 
in  which  they  were  imbedded  was  very  compact  and  dry  and  of  excel- 
lent quality. 
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JETTY  HARBORS  ON  THE  PACIFIC  COAST. 
DISCUSSION  ON  PAPER  No.  584. 


By  George  Y.  "Wisner,  G.  H.  Mendell,  B.  W.  DeCourcy,  William  A. 
Jones,  Thomas  W.  Symons,  Gen.  D.  S.  Stanley,  Wm.  M.  Black, 
Charles  Macdonald  and  A.  J.  Frith. 


George  Y.  Wisner,  M.  Am.  Soc.  C.  E. — The  admirable  paper  with 
which  Captain  Symons  has  favored  the  members  of  the  Society  brings 
out  in  a  very  interesting  manner  the  advances  that  have  been  made  in 
method  of  jetty  construction  on  the  Pacific  Coast,  and  the  achieve- 
ment of  results  that  reflect  great  credit  on  the  officers  who  have  had 
charge  of  the  works.  They  are  to  be  congratulated  for  having  dis- 
carded the  custom  prevalent  in^the  East,  of  doing  everything  by  con- 
tract, and  for  having  executed  the  work  themselves  whenever  success 
and  economy  have  required  it.  The  common  practice  of  readvertising 
work  when  bids  exceed  the  engineer's  estimate — even  when,  as  is  often 
the  case,  that  the  engineer  could  not  complete  the  work  for  his  own 
figures — is  demoralizing,  and  generally  leads  to  bankruptcy  on  the 
part  of   the   contractor,  or    the    acceptance    of    work    that    should  be  a 

disgrace  to  the  profession. 

It  is  to  lie  regretted  thai  Captain  Symons  lias  not  given  the  amount 
and  cost  of  material  a  little  more  explicitly,  as  such  matters  are  often 
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of  great  value  to  engineers  for  the  purpose  of  correctly  estimating  the 
probable  cost  of  other  works  of  a  similar  nature.  For  instance,  at 
Yaquiua  Bay,  the  average  cost  per  linear  foot  of  jetty  is  given  as  $90; 
yet  from  an  examination  of  the  chart  it  would  appear  that  30  tons  per 
linear  foot  would  probably  be  more  than  the  average  amount  of 
material  used  in  the  construction  of  the  jetty.  The  cost  of  stone  in  the 
jetty  for  the  past  year  is  given  as  82  cents  per  ton,  and  assuming  the 
average  i^rice  for  the  entire  work  to  have  been  $1,  we  should  have  the 
average  cost  of  material  in  place  for  1  lin.  ft.  of  jetty,  as  follows: 

Thirty  tons  of  stone $30  00 

Tramway 6  00 

Office  expenses 4  00 

Total $40  00 

It  would  be  interesting  to  know  why  the  unknown  expenses  should 
exceed  the  cost  of  material  in  place  by  25%  of  the  latter. 

The  original  estimate  for  this  work  was  $465  000,  or  $170  000  less 
than  the  amount  thus  far  expended. 

At  Columbia  Eiver  the  average  cost  per  linear  foot  of  jetty  is  given 
as  $83,  or  about  double  the  cost  of  the  material  in  place,  as  indicated 
by  the  amounts  and  prices  given. 

As  stated  by  Captain  Symons,  this  work  has  been  completed  at 
about  one-half  of  the  original  estimate,  but  this  is  accounted  for  by 
the  fact  that  in  the  original  estimate  rock  was  figured  at  $5  per  cubic 
yard,  or  nearly  five  times  the  price  actually  paid,  and  also  that  the 
outer  7  500  ft.  of  jetty  was  to  be  built  of  concrete  blocks  of  10  to  40 
tons  weight  each. 

In  regard  to  the  plan  of  the  work  at  Yaquina,  there  is  some  ques- 
tion whether  a  better  result  might  not  have  been  obtained  by  making 
the  outer  portion  of  the  jetties  parallel,  instead  of  converging.  In 
fact,  the  chart  rather  indicates  that  an  extension  of  2  000  ft.  may  yet 
be  needed  before  the  channel  across  the  bar  is  what  it  should  be,  and  in 
such  event  the  extended  jetties  should  certainly  be  parallel.  The 
advantage  gained  by  such  construction  is  that  the  volume  of  discharge 
acquires  momentum  in  direction  of  axis  of  channel,  and  is  consequent ly 
effective  in  producing  scour  for  a  considerable  distance  beyond  the  jetty 
ends. 

As  to  the  necessity  of  the  jetty  channel  being  of  sufficient  width  to 
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allow  the  tidal  basin  to  till   rapidly,   there  may  be  a   difference  of 
opinion. 

When  the  pass  between  the  sea  and  the  tidal  reservoir  is  large  as 
compared  with  the  latter,  the  difference  in  level  will  always  be  small; 
but  when  the  pass  is  so  small  that  the  level  of  the  reservoir  remains 
practically  constant,  the  difference  of  level  becomes  a  niaxiniuni  and 
nearly  equal  to  a  half  tide.  It  therefore  seems  evident  that  to  obtain 
a  maximum  scour  from  tidal  effect,  the  channel  must  be  made  as  nar- 
row as  safe  entrance  and  good  navigation  will  allow.  Undermining  of 
the  jetties  by  strong  currents  may  always  be  prevented  by  short  spur 
dikes,  constructed  at  such  intervals  as  may  be  required  along  the  chan- 
nel side  of  jetty  walls.  The  spurs  also  have  the  effect  of  building  up 
a  sloping  bank,  such  as  to  materially  strengthen  the  jetty  against  wave 
action  from  the  outside. 

In  ease  the  jetty  enrockments  are  beaten  down  by  wave  action,  it  is 
proposed  to  rebuild  them  with  blocks  of  stone  or  concrete  of  sufficient 
size  to  resist  wave  action.  Such  work  requires  very  heavy  and  expen- 
sive plants,  and  the  question  naturally  arises,  why  not  construct  a 
concrete  wall  in  place,  which  can  be  done  more  cheaply  and  at  the  same 
time,  of  blocks  of  much  larger  dimensions  than  could  be  handled  with 
derricks  ? 

As  to  the  improvement  of  harbors  by  means  of  a  single  jetty,  the 
writer's  experience  in  that  direction  has  not  been  of  an  encouraging 
nature;  and  the  fact  that  Avater  flowing  from  a  tidal  pass  will  find  the 
sea  level  over  the  shortest  line  of  least  resistance  will  probably  cause 
such  attempts  to  terminate  in  failure  in  the  majority  of  cases. 

The  fact  that  sand  accumulates  on  the  outside  of  both  jetties  sim- 
ply indicates  that,  if  either  jetty  be  removed,  the  sand  will  soon  find  its 
way  into  the  deeper  portion  of  the  channel,  especially  if  disturbed  by 
waves. 

The  plan  of  building  jetties  up  gradually  from  the  bottom  along  a 
considerable  distance  is  all  right,  provided  the  mattress  bottom  pro- 
tection be  kept  close  up  with  the  completed  trestle-work,  otherwise 
wave  action  around  the  piles  may  increase  the  depth  to  such  an  extent 
as  to  require  double  the  amount  of  material  to  construct  a  jetty  that 
would  be  required  if  the  completed  work  be  kept  well  to  the  front. 

G.  H.  MENDEiiL,  M.  Am.  Soc.  C.  E. — This  paper  is  a  clear  pres- 
entation of  the  general  conditions  of   the   Pacific   Coast,  and  of  the 
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particular  conditions  attendant  upon  the  instances  of  harbor  improve- 
ment therein  mentioned. 

Success,  in  some  measure  or  other,  has  attended  all  attempts  to 
better  the  harbor  entrances  on  the  Pacific  Coast.  This  is  particularly 
true  of  the  three  instances  in  which  improvements  are  well  advanced, 
namely,  Wilmington,  Yaquina,  and  the  Columbia  River.  These  ports 
all  open  upon  sandy  coasts.  This  condition  applies  to  all  other  points 
on  the  west  coast  where  works  are  in  progress,  or  for  which  they  are 
contemplated.  The  sand  is  mobile,  and  may  be  said  to  be  always  in 
motion,  by  wind,  wave  or  current.  In  the  natural  condition  of  an 
unimproved  entrance,  it  lies  in  great  deposits,  forming  bars  and  spits, 
bare  or  with  little  depth  of  water,  between  which  one  or  more  channels 
make  out  to  sea.  In  these  positions,  sand  is  peculiarly  exposed  to  the 
action  of  shifting  currents,  and  to  displacement  by  waves,  to  the  in- 
jury of  adjacent  channels. 

A  noticeable  feature  of  the  bettered  entrance  is,  that  the  deposits 
of  sand  have  in  the  course  of  the  impx-ovement  been  moved  in  great 
part  to  new  positions  behind  the  jetties,  where  it  is  more  or  less 
securely  impounded.  In  these  positions  it  is  least  liable  to  displace- 
ment, and  if  the  jetties  be  sufficiently  high,  neither  wave  nor  current 
can  place  it  again  where  it  can  be  injurious  to  navigation. 

The  storage  function  of  these  works  is  referred  to  in  this  paper  as 
secondary.  It  is,  however,  of  great  importance — not  yet  capable  of 
full  estimation — in  withdrawing  or  lessening  the  amount  of  the  element, 
which,  when  in  circulation,  is  a  great  obstacle  as  well  as  a  cause  of 
impairment  of  the  scouring  force,  but  which,  when  properly  stored,  is 
a  bulwark,  adding  strength  and  safety  to  the  slight  works  which  pro- 
duce the  result,  and  is  also  a  directrix  of  the  tide. 

It  follows  that  the  mounds  of  " pierres  perdues"  ought  to  be  high, 
always  at  least  to  high  water,  unless  there  be  such  exposure  as  shall 
flatten  out  the  walls;  and  where  there  is  no  exposure,  they  ought  to 
afford  the  maximum  storage  capacity,  and  to  this  end  be  several  feet 
above  high-tide  level. 

The  magnitude  of  this  phenomenon  of  moving  sand  is  strikingly 
illustrated  in  the  instance  of  the  Columbia  River.  The  estimate  of  the 
cubical  contents  of  sand  deposits  made  to  the  south  of  the  line  of 
works,  during  the  progress  of  the  improvement,  is  about  25  000  000 
cu.  yds. 
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In  comparison  with  this  result,  and  also  with  the  great  improve- 
ment of  the  bar  channel,  the  cost  of  the  Columbia  work — less  than 
&2  000  000 — is  worthy  of  attention  as  an  illustration  of  the  inexpensive- 
ness  of  these  works.  Another  important  circumstance  is  brought  out 
in  this  paper,  namely,  that  the  main  circulation  is  in  all  these  in- 
stances that  of  the  tide,  and  that  backwater  is  always  unimportant, 
even  in  the  Columbia  River,  or  insignificant  or  absent,  as  in  the 
instances  of  Yaquina  and  Wilmington.  The  form  of  the  phases  of  the 
diurnal  tide  is  peculiar,  in  that  generally  it  requires  two  periods  of 
flood  to  reach  the  high-water  stage,  aud  that  both  of  these  flood 
tributes  escape  in  one  large  ebb,  attended  with  increased  velocity  and 
scouring  power. 

It  will  also  be  noticed  that  the  rise  of  tides  on  the  Oregon  coast,  at 
Yaquina  and  the  Columbia,  is  for  the  mean  about  7  ft. 

The  tidal  conditions  are  therefore  favorable  for  improvements. 
The  lightness  of  construction  of  these  works  must  attract  attention. 
The  stones  of  which  they  are  made  rarely  exceed  5  or  6  tons  in 
weight.     They  are  mostly  in  smaller  sizes.     Indeed,  graduated  sizes 
make  better  work. 

The  works  are  protected  from  wave  blows  by  outlying  sand  deposits. 
They  do  not  seem  to  be  threatened  to  any  noticeable  extent  on  the 
weather  side. 

No  one  of  these  works  is  finished.  Experience  with  them  is  less 
than  10  years.  They  have  so  far  admirably  answered  demands,  and 
they  have  been  inexpensive.  It  remains  to  ascertain  what  the  future 
has  in  store  for  them,  and  what  measures  shall  be  needed  to  protect 
and  preserve  them. 

Bolton  W.  DeCoukcy,  M.  Am.  Soc.  C.  E. — Engineers  are  to  be 
congratulated  that  Captain  Symons  has  given  the  Society  a  description 
of  some  of  the  interesting  work  being  done  by  the  Corps  of  Engineers 
on  the  Pacific  Coast. 

His  statement  of  the  limited  knowledge  of  the  currents  is  quite 
correct;  the  statements  of  masters  of  vessels  navigating  these  waters 
are  contradictory,  and,  in  some  cases,  seem  to  l>e  incorrect,  by  the 
results  observed  along  the  shore. 

I  have  been  taking  some  observations  of  that  part  of  the  coast  of 
Washington  lying  north  and  south  of  the  mouth  of  the  Chehalis  River, 
for  some  20  miles  in  each  direction,  and  these  do  not  seem  to  cor- 
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roborate  the  assertions  of  those  masters  with  whom  I  have  conversed 
on  the  subject  of  these  ocean  currents. 

Some  of  these  gentlemen  assert  that  the  great  Japan  current  flows 
south  in  summer,  but  to  the  north  in  winter. 

Last  winter  (1891-92)  the  British  ship  Ferndale  was  wrecked  about 
10  miles  north  of  the  mouth  of  Gray's  Harbor.  She  was  coal  laden. 
In  a  short  time  this  coal  could  be  picked  up  for  20  miles  south  along 
the  shore. 

Last  slimmer  a  large  dead  whale  was  drifted  south  in  plain  sight  of 
all  the  people  on  the  beach. 

This  winter  the  wreck  of  a  vessel  called  the  Big  River,  during  the 
prevalence  of  the  most  violent  storm  that  we  have  had  in  the  entire 
season,  and  that  from  the  southwest,  was  raised  on  a  high  tide  and 
drifted  a  half  mile  to  the  south  in  the  teeth  of  the  storm. 

The  embouchure  of  the  Chehalis  River,  where  it  enters  the  ocean, 
seems  to  be  deflected  to  the  south  under  the  influence  of  the  current, 
and  does  not  vary  materially  during  the  seasons  of  a  year.  This  chan- 
nel is  phenomenal;  it  never  has  received  any  attention  from  the  Gov- 
ernment, and  has  a  depth  at  low  tide  of  16^  ft.,  and  has  had  vessels 
drawing  17  ft.  passing  out  for  years. 

If  this  harbor  ever  gets  an  appropriation  for  the  improvement  of 
the  bar,  it  would  be  the  very  place  to  try  the  single  jetty,  curved,  and 
concave  toward  the  channel,  which  I  have  great  faith  would  result  as 
expected  by  Captain  Symons. 

Major  WillLIam  A.  Jones. — It  is  assumed  that  the  object  to  be 
sought  in  this  discussion  is  the  evolution  of  experience,  results  and 
facts  such  as  bear  upon  the  creation  and  betterment  of  ocean  harbors, 
and  that  it  should  be  no  love-feast,  in  which  success  alone  is  displayed 
and  lauded.  Hydraulic  engineering  is  yet  in  infancy,  and  engineers 
have  much  to  learn  and  nothing  to  fear  from  their  shortcomings. 

The  ocean  shore  of  the  North  Pacific  is  the  scene  of  two  clashing 
factors  which  very  much  simplify  the  problem  under  discussion. 
They  are  : 

(1)  The  great  wave-power  developed  by  a  rapidly  falling  foreshore 

which  looks  out  upon  an  extended  stretch  of  free  ocean. 

(2)  The  extraordinary  volume  of  littoral  sands. 

To  the  front  the  ocean  stretches  away  for  thousands  of  miles,  and 
the  deep  water  bluffs  hard  up  against  the  shore.     The  great  wind- 
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waves  roll  in  unchecked  until  close  upon  the  shore.  Here  they  break 
upon  the  outer  slopes  of  sand  in  very  great  depths.  It  is  authentically 
reported  that  on  the  outside  bar  at  the  mouth  of  the  Columbia  River 
they  break  at  times  in  depths  of  at  least  80  ft.  of  water.  Obviously, 
this  creates  waves  of  translation  of  extraordinary  moving  power. 
Indeed,  in  the  face  of  such  power  alone  it  is  doubtful  whether  we 
could  make  structures  Avithin  reasonable  limits  of  cost  to  withstand 
them.  But  at  this  point  the  other  factor  enters  with  its  forces  in  our 
favor.  I  will  lead  up  to  it  with  a  generalization.  The  shore  of  the 
South  Atlantic  coast  is  in  a  transition  state.  The  geologists  call  it  a 
condition  of  continental  depression.  It  is  slowly  sinking.  As  a  con- 
sequence, the  ocean  is  steadily  creeping  in  upon  a  low  shore  whose 
foreshore  is  long  and  very  flat.  Here,  the  great  ocean  waves  are 
tripped  far  outside  and  broken  down  to  a  comparatively  small  size 
before  reaching  the.  site  of  our  harbor  constructions.  And,  although 
there  is  considerable  littoral  sand  in  movement,  it  is  not  being  in- 
creased in  volume  to  much  extent.  On  the  North  Pacific  coast  just 
the  opposite  conditions  at  present  obtain.  There,  a  continental 
elevation  is  undoubtedly  going  on,  slowly  raising  the  shore.  This 
presents  it  at  such  a  slope  to  the  water  action  that  the  latter  is  rapidly 
carving  it  away,  leaving  a  shore  of  lofty,  precipitous  bluffs.  A  con- 
siderable portion  of  these  are  composed  of  soft  sandstone,  but  it  makes 
little  difference  to  the  mighty  power  beating  against  them;  all  are 
crumbled  and  dumped  into  the  water  to  become  littoral  ocean  sands. 
Tbe  volume  of  these  is  something  stupendous.  In  places  they  are 
forced  up  on  the  beach  at  high  tide,  caught  by  the  winds  at  low  tide, 
and  blown  ashore,  forming  great  seas  of  barren,  waving  dunes. 

It  is  the  pitting  of  these  two  factors  against  each  other  which  has 
rendered  jetty  construction  a  practical  success  on  the  North  Pacific 
coast.  It  is  only  necessary  to  place  such  structures  as  will  trip  and 
throw  down  the  great  mass  of  moving  sands,  and  they  may  be  relied 
upon  to  quickly  lay  themselves  alongside  and  defend  the  structure 
against  the  waves  by  means  of  a  long,  gently  sloping  foreshore  of  sand 
bars.  Expensive  structures  have  not  so  far  appeared  necessary.  A 
structured  mass  of  piling,  brush  and  heavy  rip-rap  answers  the  pur- 
pose. The  jetty  created  is,  practically,  an  anchored  sandbar.  It  will 
be  well  for  engineers  to  take  this  lesson  to  heart.  The  forces  of  Nature 
have  been  mastered  economically  by  pitting  them  against  each  other. 
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The  great  principle  so  far  evolved  in  harbor  physics  is  that  a 
channel  across  the  ocean  bar  must  be  created  and  maintained,  wholly 
or  in  part,  by  increasing  the  force  of  passing  tidal  currents.  Time 
and  again  this  has  been  attempted  with  a  single  jetty  or  with  drowned 
jetties,  but  failure  has  generally  resulted.  Where  single  jetties  have 
been  successful,  it  will  probably  be  found  that  existent  conditions 
supplied  the  other  wall  to  the  created  channel.  As  for  the  drowned 
jetty — a  device  which  throws  away  a  large  portion  of  the  ebb  forces, 
while  it  scatters  those  of  the  flood — it  has  taught  a  great  lesson.  It 
seems  best  now  to  utilize  all  of  the  known  forces  which  favor  a  jetty 
project,  because  counter  forces  may  be  developed  which  cannot  be 
foreseen.  A  margin  on  the  safe  side  is  always  more  or  less  comforting 
to  man  battling  with  powers  seen  and  unseen. 

And  here  it  may  be  observed  that  more  or  less  mathematical  analy- 
sis is  sometimes  wasted  on  the  discussion  of  harbor  problems.  But 
the  application  of  rigid  logic  to  ill-defined  and  unknown  elements 
cannot  be  satisfactory  in  results.  The  water  volumes  depend  upon 
meteorological  conditions  and  these  depend  upon  many  elements  that 
we  are  not  now  able  to  predict  or  measure. 

At  the  mouth  of  the  Columbia  River  the  single  jetty  is  reinforced 
with  conditions  which  partly  supply  another.  Had  those  conditions 
been  utilized  by  throwing  in  a  cheap  structure  from  Chinook  Point  to 
Sand  Island,  the  enormous  tidal  currents  might  reasonably  have  been 
expected  to  cut  through  the  bar  with  considerably  less  of  south  jetty. 

A  considerable  volume  of  the  ebb  tide  used  to  pass  through  Baker's 
Bay  around  to  the  north  of  Sand  Island  where  it  became  concentrated 
between  the  latter  and  Peacock  Spit  and  was  thrown  at  right  angles, 
nearly,  into  the  main  volume  relied  upon  to  do  the  scouring.  This 
effect  has  been  minimized  to  a  great  extent  by  an  adventitious  cir- 
cumstance. The  large  schools  of  salmon  which  annually  run  into  the 
Columbia  River  from  the  ocean  use  Baker's  Bay  as  a  resting  place 
where  they  get  somewhat  acclimated  to  the  fresh  water.  Taking 
advantage  of  this  circumstance  the  fishermen  have  literally  rilled  the 
bay  with  pound  nets  stretching  from  the  shores  and  shoals  into  the 
deep  water  at  about  right  angles  to  the  tidal  currents.  These,  acting 
as  permeable  groins,  have  largely  filled  up  Baker's  Bay  and  suf- 
ficiently closed  the  gap  in  the  natural  north  jetty  for  the  purposes  of 
the  south  jetty  as  constructed. 
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General  D.  S.  Stani/ey.— I  have  been  in  Texas  for  the  last  dozen 
years  and  have  seen  the  growth  of  the  jetty  at  Galveston,  which  is  the 
most  extensive  jetty  work  that  has  been  undertaken  in  the  United  States. 
The  appropriation  is  over  $6  000  000,  and  the  contract  given  out  under 
that  appropriation  is  one  of  the  largest  contracts  ever  given  out  in  the 
United  States. 

The  harbor  at  Galveston  is  about  2  miles  wide  ;  the  inner  bar  had 
ordinarily,  say  15  or  20  years  ago,  about  17  ft.  of  water,  and  the  outer 
bar  about  11  ft.,  at  high  tide.     The  kinds  of  vessels  that  could  enter 
were  very  restricted.     The  appropriations  were  small  10  years  ago,  and 
the  first  attempts  at  improvements  were  what  might  be  called  experi- 
mental.    They  had  $35  000  or  $40  000  a  year,  and  tried  caissons  and 
various  similar  experiments  to  control  the  tides,  but  without  any  suc- 
cess at  all ;  but  afterwards  the  appropriations  were  raised  to  as  high 
as  $300  000  and  $350  000  a  year.     The  engineers  tried  to  put  down 
mattresses  weighted  down  with  stone  ;  the  mattresses  were  150  to  200 
ft.   long,  70   ft.  wide,   and  there  was  an  immense  amount  of  money 
spent  on  them.     The  brush  had  to  be  brought  a  very  long  distance, 
and  the  construction  of   the   platforms   to  build  them  on  was  very 
expensive,  and  that  whole  work  was  utterly  useless  ;  it  all  went  to 
pieces  from  the  ravages  of  the  teredo,   or  sea-worm,  as  soon  as  sub- 
merged.    The  engineer  in  charge  was  very  sanguine  that,  as  soon  as 
these  mattresses  Avere  put  down,  the  wave  action  and  the  tides  would 
cover  the  brush  with  sand,  and,  as  the  teredo  cannot  thrive  where  he 
is  covered  with    sand,  that  the   mattresses  would  prove  permanent. 
Those  mattresses  disappeared,  and  when  the  engineer  who  next  took 
charge  finally  settled  upon  a  plan  of  using  nothing  but  rock,  he  told 
me  that  he  did  not  find  anything  of  the  mattresses  left.     I  have  seen 
the  butt  end  of  the  brush,  which  composed  the  mattresses,  as  thick  as 
the  wrist,  that  could  be  crushed  in  the  hand.     The  engineer  in  charge 
came  to  the  conclusion,  finally,  that  they  could  build  a  jetty  there  on 
the  same  plan  that  big  buildings  were  built  in  the  City  of  Galveston. 
In  putting  up  a  large  building  there,  they  simply  sweep  the  ground 
off,  and   commence  with  the  foundation,  and    run   up  to  six  or  seven 
stories  high.     These  buildings  are  always  secure  so  long  as  the  water 
does  not  touch  the  foundation;  but  if  a  tin  spout  is  put  of  order,  and 
the  water  is  allowed  to  run  down  to  the  foundation  a  single  night,  the 
house  may  tumble  down  before  morning. 
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This  is  a  longer  jetty  than  the  jetty  at  the  month  of  the  Columbia. 
It  was  constructed  by  running  a  trestle  of  timber  1  ft.  square  in  cross- 
section,  driven  down  strongly  by  pile-drivers  put  fairly  in  advance 
of  the  work.  They  found  that  it  did  not  do  to  put  this  trestle  much 
in  advance  of  the  stone-work.  The  core  of  the  jetty  is  built  of  sand- 
stone. It  was  very  difficult  to  get  a  sandstone  in  Texas  that  had  the 
necessary  weight.  After  the  trestle  is  built,  the  stone  is  tumbled 
off  the  cars,  and  let  take  its  shape  as  it  tumbles  down.  Then  this  is 
encased  with  a  strong  coat  of  granite,  brought  from  nearly  300  miles 
away.  The  blocks  are  increased  in  weight  as  you  go  towards  the  end 
of  the  jetty  ;  at  the  end  of  the  jetty  there  are  no  granite  blocks  which 
are  less  than  10  tons  each.  The  work  is  now  nearly  completed  ;  but 
there  is  this  difficulty  with  the  extreme  end  of  it,  that  the  currents 
around  the  extreme  point  are  unsettling  the  end  of  the  jetty.  The 
contractors  complain  that  this  puts  them  to  excessive  expense.  But 
the  result  in  deepening  the  harbor  is  hardly  satisfactory;  thus  far,  the 
best  they  can  show  is  about  16  ft.  That  is,  of  course,  a  great  advance 
from  11  ft.  The  purpose  in  bringing  this  long  jetty  out  from  Galves- 
ton Island  is  that  they  propose  to  build  a  jetty  2£  miles  from  the  main 
land  at  Bolivar  Point.  This  would  be  convergent  to  the  long  jetty 
from  the  island.  The  points  of  those  jetties  are  about  3  000  ft.  apart, 
and  that  was  the  great  subject  of  dispute  between  the  engineers  and 
Mr.  Eads.  Mr.  Eads  proposed  the  points  of  the  jetties  should  be  600 
ft.  apart  ;  the  engineers  all  wanted  a  low  jetty.  A  very  able  engineer 
said  to  me  that  it  would  be  a  crime  to  put  in  a  high  jetty,  because  the 
current  would  strike  right  across  the  City  of  Galveston  and  take  that 
out  to  sea. 

I  would  like  to  ask  Captain  Black  if  he  has  had  similar  trouble  with 
the  teredo. 

William  M.  Black,  Am.  Soc.  C.  E. — I  have,  often.  When  Ave  first 
started  in  at  the  St.  John's  we  used  the  mattresses,  and  it  was  found 
that  none  but  the  lower  mattress  got  coated  with  sand;  all  the  rest 
were  eaten  out.     The  teredo  punctured  all  of  the  lower  mattresses. 

Charles  Macdonald,  M.  Am.  Soc.  C.  E. — Is  not  the  principal  diffi- 
culty at  Galveston  the  fact  that  there  is  an  enormous  body  of  water 
inland,  which  gives  a  different  condition  of  currents  ? 

General  Stanley. — Galveston  Bay  is  a  large  body  of  water  ;  there 
is  a  surface  of  at  least  300  sq.  miles  in  Galveston  Bay  and  the  highest 
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tide  is  only  4  ft.,  so  that  the  current  from  that  tide  must  necessarily 
be  light. 

Mr.  Macdonald. — During  a  visit  at  Galveston  some  years  ago,  I 
had,  from  the  United  States  Engineer  officer  in  charge  of  the  improve- 
ments of  that  harbor,  a  very  instructive  description  of  the  chief  diffi- 
culty with  which  they  had  to  contend  in  maintaining  a  deep  channel 
over  the  bar. 

It  appears  that  during  continued  heavy  storms  from  the  south,  the 
waters  of  the  Gulf  are  forced  through  the  inlet,  causing  the  waters  of 
the  inner  bay  to  rise  rapidly  to  the  northward. 

It  will  be  remembered  that  upon  one  such  occasion,  when  all  tele- 
graphic communication  with  Galveston  had  been  cut  off,  it  was  reported 
from  the  northern  end  of  the  bay  (about  80  miles  distant  from  Galves- 
ton) that  the  city  itself  must  be  entirely  under  water,  as  the  bay  at 
the  upper  point  had  risen  20  ft. ,  while  the  general  level  of  the  City  of 
Galveston  is  but  a  few  feet  above  the  Gulf. 

This  report  proved  to  be  untrue  ;  but,  upon  the  subsidence  of  the 
storm,  the  water  which  had  been  forced  into  the  bay  came  down  with 
great  rapidity,  and  carried  away  a  considerable  portion  of  the  jetty 
work  which  had  already  been  done  at  the  inlet.  The  necessity  of  pro- 
viding for  such  contingencies  makes  the  problem  of  harbor  improve- 
ment at  Galveston  an  exceedingly  difficult  one. 

General  Stanley. — Yes,  the  danger  there  is  from  the  southwest 
storms  that  may  push  the  water  up  into  the  Galveston  Bay  ;  then  if 
you  have  a  sudden  "  norther,"  it  goes  down  in  a  great  flood.  In  1875, 
just  above  the  quarantine  station,  it  cut  a  channel  11  ft.  deep.  That 
was  open  for  five  or  six  years.  That  is  the  clanger  of  putting  in  a  high 
jetty  which  would  stop  this  flow  ;  but  with  a  low  jetty,  the  theory  is 
that  the  water  will  pass  over  the  top  without  any  harm  to  the  city. 
They  have  had  several  severe  storms  since  the  jetty  was  put  in,  and 
they  feel  more  confident  now. 

A.  J.  Frith,  M.  Am.  Soc.  C.  E. — Captain  Black  has  referred  to  the 
question  of  piles  cutting  out  very  severely  at  the  foundations.  This 
experience  is  similar  to  that  on  the  western  rivers,  where  great  diffi- 
culty whs  met  in  holding  pile  dikes.  No  matter  how  strong  a  pile 
dike  is  made,  or  how  heavy  the  mattress  is  at  the  bottom,  if  there  is  a 
heavy  current  passing  down  the  chute,  there  will  be  eminent  danger  of 
its  being  undermined.      Of  course,  we   all   understand    that  the  water 
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flows  down  from  above,  clue  to  the  difference  of  elevation  at  the  two 
ends  of  the  chute,  and  that  its  energy  is  very  great.  If,  then,  we  build 
a  pile  dike,  or  an  obstruction  of  that  character,  it  necessarily  con- 
tracts the  area  at  that  point,  the  velocity  is  increased,  and  the  water 
will  force  itself  beneath  almost  any  mattress  which  is  put  down.  I 
think  from  the  experience  on  the  rivers  there  it  was  found  that  much 
better  results  were  obtained  when  the  dikes  were  considerably  down 
the  chute.  There  was  no  attempt  made  to  raise  an  obstruction  cross- 
wise with  such  dikes,  but  that  effect  was  obtained  by  the  collection  of 
drift  in  front  of  the  dike,  the  attempt  being  not  to  stop  the  flow  of 
water  directly,  but  to  interpose  a  frictional  or  skin  resistance  to  the 
flow  of  the  water,  due  to  the  heavy  mass  on  the  surface  or  floating  raft. 
In  a  number  of  instances  in  that  locality  the  currents  have  been 
entirely  turned  aside.  In  one  case  simply  by  the  action  of  the  fleet  of 
boats  in  resisting  the  flow  of  the  water,  a  heavy  deposit  in  the  whole 
chute  was  rapidly  attained.  "Where  the  piles  were  held,  the  difficulty 
was  with  the  material  of  the  piling  ;  the  life  of  this  material  was  very 
short,  so  that  after  a  few  years  the  obstruction  in  a  great  many  cases  gave 
way.  If  that  had  been  obviated,  and  those  drift  rafts  had  been  held, 
in  all  cases  the  current  could  have  been  entirely  changed  and  driven 
out.  I  have  seen  one  raft  there  that  was  certainly  as  much  as  60 
acres  in  extent,  and  it  was  so  interlaced  with  all  the  debris  that  came 
down  the  river  that  it  was  truly  a  solid  mass;  and  as  the  river  fell 
this  became  imbedded  in  the  mud,  and  when  the  river  rose  again  only 
a  part  of  it  came  up.  Our  experience  at  that  time  was  that  this  was 
much  the  cheapest  and  safest  method  of  stopping  the  flow  of  a  chute; 
but  where  it  was  attempted  to  stop  it  by  the  actual  obstruction  of 
piling,  that  the  entire  head  of  water  in  the  chute  was  concentrated  at 
the  dike  itself,  and  it  might  scour  down  to  almost  any  depth. 

Captain  Thos.  W.  Symons. — Mr.  Wisner  very  properly  notices  the 
discrepancy  in  the  actual  cost  per  foot  of  the  work  at  Yaquina  Bay  and 
the  cost  as  determined  by  the  various  items  entering  into  the  structure  at 
the  stated  cost  price.  In  explanation  of  this  discrepancy,  it  should  be 
remembered  that  the  cost  of  items  named  is  only  that  which  prevailed 
during  the  past  year,  with  everything  in  the  way  of  adequate  plant  on 
hand,  all  auxiliary  work  done,  and  appropriations  sufficient  to  carry 
on  the  work  continuously.  The  stated  cost  of  items  takes  no  account 
of  the  cost  of  plant,  the  expense  of  opening  quarries,  etc.     It  is  the 
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bare  cost  of  labor  and  materials  expended.  As  stated  in  the  article, 
the  actual  "  cost  of  the  various  items  entering  into  the  work  has  varied 
greatly." 

This  is  one  point  in  explanation.  The  most  important  cause  of  the 
discrepancy  is,  however,  due  to  inadequate  appropriations,  scattered 
over  a  long  period  of  time.  With  the  small  early  appropriations  the 
officers  in  charge  tried  to  and  did  produce  results  of  immediate  value. 
with  structures  which  afterward  turned  out  to  be  lacking  in  strength 
and  suitability  to  the  location.  From  this  cause,  the  work  done  with 
the  early  appropriations  plays  but  a  small  part  in  the  whole  structure 
as  now  about  completed. 

The  lack  of  money  to  carry  on  the  work  continuously  has  been  the 
cause  of  great  expense  in  laying  up  the  plant,  earing  for  it  and  the 
works  during  the  interim,  and  putting  things  in  shape  and  starting  up 
again.  The  length  of  time,  12  years,  during  which  work  has  been 
carried  on,  has  directly  resulted  in  great  expense,  owing  to  the  deterio- 
ration and  destruction  of  the  auxiliary  structures  necessary  in  con- 
nection with  the  jetties.  A  large  part  of  the  south  jetty  tramway 
has  been  built  over  twice,  and  a  very  considerable  portion  three  times. 
For  the  south  jetty  four  wharves  have  been  built,  the  accumulation  of 
sand  about  the  first  three  having  rendered  this  necessary.  The  fourth 
is  4  400  ft.  from  the  first  one. 

A  large  amount  of  work  had  to  be  done  from  time  to  time  to  pro- 
tect the  south  spit  from  erosion  and  to  protect  the  tramway  approaches 
from  injury  by  drift.  Mr.  Wisner  overlooks  entirely  the  mattress 
work  of  the  south  jetty,  which  cost  a  large  sum. 

Added  to  the  above  is  the  cost  and  repair  of  plant,  cost  of  lands. 
quarries,  etc.,  cost  of  frequent  surveys,  former  high  cost  of  labor,  and 
difficulty  of  obtaining  it;  almost  total  lack  of  skilled  labor  and  ex- 
perience with  such  work  and  the  general  sum  total  cause  of  the 
discrepancy  are  stated. 

This  work  has  been  the  school  of  experience  in  which  valuable 
lessons  have  been  learned,  which  lessons  are  being  made  use  of  at 
various  points  along  the  coast. 

The  cost  of  the  Columbia  River  work  lias  been  far  below  the  original 
estimate,  not  only  because  some  of  the  more  expensive  concrete  work 
lias  been  omitted,  but  because  of  the  excellent  method  adopted  for 
carrying  on   the   work,  the  suitability   and   efficiency   of   the   plant 
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designed  and  built  for  carrying  it  on,  and  the  high  administrative 
ability  displayed  in  conducting  it.  It  is  to  the  engineering  skill  and 
ability  of  those  having  the  work  in  charge  that  the  reduction  of  cost 
has  been  reduced,  and  this  is  a  truth  which  I  feel  at  liberty  to 
emphasize,  never  having  personally  had  anything  to  do  with  it.  The 
reduction  in  cost  of  the  rock  has  not  been  anywhere  as  great,  however, 
as  mentioned  by  Mr.  Wisner,  from  #5  per  cubic  yard  in  the  estimate 
to  about  one-fifth  as  much. 

The  estimated  cost  of  $5  per  cubic  yard  included  everything. 

Counting  the  cost  of  everything  and  only  considering  the  rock  in  the 
jetty,  the  latter  has  cost  about  $3.50  per  cubic  yard,  instead  of  about 
$  1,  as  inferred  by  Mr.  Wisner. 

I  did  not  specify  items  of  cost  more  explicitly,  as  mentioned  by 
Mr.  Wisner,  because  it  is  my  experience  that  cost  varies  so  much,  due 
to  local  circumstances,  that  such  data  is  of  comparatively  little  use 
xmless  all  the  local  circumstances  are  fully  known. 

By  the  further  extension  of  the  Yaquina  Bay  jetties  2  000  ft. ,  as  men- 
tioned by  Mr.  Wisner,  the  bar  would  be  driven  out  to  about  the  line  of 
the  outlying  reef,  and  all  the  advantages  of  this  reef  as  a  breakwater 
woiild  be  lost.  It  is  doubtful  if  such  an  extension  would  be  of  the 
slightest  benefit.  It  is  quite  possible  that  it  would  be  decidedly 
detrimental. 

I  am  unable  to  appreciate  the  advantages  claimed  for  long  parallel 
jetties  by  Mr.  Wisner  of  producing  greater  scour  on  the  bar  due  to  the 
momentum  acquired  by  the  waters  in  the  direction  of  the  channel  axis. 
To  my  mind,  the  contracted  parallel  portions  should  be  as  short  as 
possible  consistent  with  giving  the  desired  direction  to  the  flowing- 
waters,  and  these  waters  should  arrive  at  the  contracted  portion  of 
the  channel  with  the  greatest  available  ease.  The  case  is  somewhat 
analagous  to  that  of  a  fire  stream  through  hose  and  nozzle  ;  the 
desired  effect  would  not  be  increased  by  increasing  the  length  of  the 
nozzle.  There  are  some  decided  advantages  of  parallel  jetties,  but  I 
cannot  believe  in  that  pointed  out  by  Mr.  Wisner. 

Since  writing  my  paper  the  groins  mentioned  on  page  180  have  been 
added  to  the  south  jetty  at  Yaquina  Bay.  Three  of  these  are  100  ft. 
long,  and  two  are  60  ft.  long. 

In  case  it  ever  becomes  necessary  or  desirable  to  reinforce  the 
jetties  at  the  Columbia  River  or  elsewhere  with  large  concrete  blocks 
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there  is  very  little  doubt  that  the  method  of  building  them  in  situ 
mentioned  by  Mr.  Wisner  will  be  considered. 

In  regard  to  Mr.  Wisner's  closing  paragraph,  it  may  be  stated  that 
it  is  the  practice  to  follow  up  the  pilework  as  rapidly  as  possible  with 
the  mattress  work.  As  the  tramway  cannot  be  braced  until  the  center 
mattresses  are  down,  it  is  desirable  to  get  them  down  as  soon  as 
possible,  not  only  to  prevent  scour,  but  to  enable  the  strengthening 
and  stiffening  braces  to  go  in. 

Major  Jones'  graphic  comments  emphasize  the  fact  that  is  ever 
before  us,  that  in  designing  and  carrying  out  works  on  this  coast  it  is 
essential  to  work  in  harmony  with  Nature. 

In  regard  to  the  destruction  of  mattresses  by  the  teredo,  I  will 
state  that  it  is  doubtful  if  any  mattresses  have  ever  been  injured  on 
this  coast  by  this  pest.  At  the  Columbia  the  fresh  water  prevents  it 
working;  at  other  points,  where  it  is  active,  the  movement  of  the  sand  is 
so  rapid  that  a  mattress  is  no  sooner  down  and  covered  with  rock  than  it 
is  buried  in  sand.     The  only  damage  done  by  the  teredo  is  to  our  piling. 

Wm.  M.  Black,  M.  Am.  Soc.  C.  E. — Regarding  the  efficiency 
of  the  converging  jetties  in  the  harbors  described,  I  would  invite  at- 
tention to  the  map  of  Yaquina  Bay,  and  particularly  to  the  accom- 
panying profile.  It  will  be  noted  that  the  ends  of  the  jetties  are  located 
on  the  crest  of  the  bar  as  it  existed  befoi'e  improvement,  and  that  the 
jetties  converge  to  this  point,  the  width  between  them  there  being 
the  minimum  width  proposed  for  the  entrance;  it  will  be  noted  also 
that  the  jetties  are  nearly  straight,  and  that,  starting  from  safe  loca- 
tions on  the  shores  of  the  entrance,  they  follow  nearly  the  shortest 
lines  to  the  points  where  the  work  was  required,  thus  securing  the 
desired  result  with  the  least  length  of  jetty,  and,  therefore,  with  the 
least  probable  cost,  so  far  as  the  cost  depends  on  location. 

In  general,  in  Government  jetty  work  on  the  sea  coast,  for  drift  and 
wave  bars,  lying  at  some  distance  outside  the  coast  line,  the  jetties  are 
started  from  safe  points  on  the  two  sides  of  the  entrance  and  converge 
to  a  point  at  a  distance  from  the  shore  fixed  by  the  length  through 
which  the  uncontrolled  and  unaided  currents  from  the  entrance  can 
maintain  the  desired  depth.  When  extended  beyond  this  point  they 
are  nearly  or  quite  parallel.  The  contraction  is  made  only  where 
necessary.  If  the  jetties  follow  proper  lines,  the  formation  of  an  inte- 
rior bar  need  not  be  feared. 
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Economy  in  construction  methods  is  only  possible  where  the  neces- 
sary funds  are  continuously  available.  The  methods  followed  on  the 
Atlantic  Coast,  where  the  mattresses  and  stone  are  towed  to  the  site 
of  the  work,  require  but  a  comparatively  inexpensive  plant,  which  can 
be  left  idle  through  long  periods  without  much  loss.  Where  jetties 
are  built  from  overhead  tramways  exposed  to  storm,  wave  action  and 
the  teredo,  the  first  cost  is  very  great  and  the  deterioration  of  plant 
(piles  weakened  by  teredo,  rails  corroded,  tramway  injured  by  storm 
action)  so  rapid  as  to  make  this  method  inadvisable  unless  work  can 
be  prosecuted  vigorously  and  continuously. 

A  marked  difference  between  the  Pacific  and  Atlantic  coast  jetties 
is  found  in  the  width  of  mattress  foundation  used.  On  the  Pacific 
coast  a  width  of  about  40  ft.  has  been  found  sufficient.  On  the 
Atlantic  coast  the  width  is  much  greater.  At  the  mouth  of  the  St. 
John's  Kiver  the  width  finally  adopted  is  120  ft.  This  great  width 
was  found  to  be  necessary  to  prevent  undermining.  The  edges  pro- 
truding beyond  the  base  of  the  superstructure  act  as  an  apron,  broadest 
in  shoal  water,  to  receive  the  downpour  of  water  from  waves  breaking 
across  the  jetty.  The  width  of  foundation  must  be  governed  by  the 
degree  of  fineness  of  the  sand  on  which  the  jetties  rest  and  by  other 
local  conditions. 

The  attempt  to  take  advantage  of  existing  sandbanks  for  the  pur- 
pose of  locating  jetties  in  shoal  water,  and  thus  economizing  jetty 
height,  is  almost  always,  to  a  great  extent,  futile.  The  new  conditions 
introduced  by  the  solid  body  will  produce  scour,  if  there  be  any 
current  existing,  or  induced  by  the  jetty.  Scour  in  a  soft  bottom  in 
advance  of  the  jetty  is  almost  invariable,  and,  if  the  jetty  extension  be 
delayed,  a  deep  hole  will  generally  form  at  the  end  of  the  completed 
work. 

The  efficiency  of  piles  for  producing  scour,  where  they  are  not  so 
closely  placed  as  to  stop  the  current  entirely,  is  well  known,  and  in 
the  Mississippi  River  temporary  channels  have  been  formed  across  bars 
by  the  simple  expedient  of  driving  a  row  of  piles,  spaced  6  to  10  ft. 
apart,  along  the  line  of  the  proposed  cut.  Where  a  pile  tramway  is 
built  in  advance  of  the  jetty,  the  scour  becomes  very  rapid,  and  the 
protection  of  the  bottom  by  mattress  work  should  follow  close  after 
the  tramway  construction. 

This  scour  in  advance  of  the  jetty  is  not  altogether  an  evil,  for 
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should  a  deep  channel  form  close  beside  a  jetty  built  in  very  shoal 
water,  unless  the  mattress  foundation  protection  be  very  broad,  the 
destruction  of  the  jetty  may  follow  from  side  undermining. 

The  relative  value  of  high  and  low  jetties  is  yet  a  mootable  ques- 
tion. A  low  jetty  guides  a  current  moving  in  a  channel  parallel  to  its 
axis  and  keejjs  it  in  its  proper  course.  If  there  is  a  continuous  escape 
of  water  across  the  jetty  crest,  the  head  available  for  work  further  on 
is  continuously  reduced,  and  the  current  may  become  too  weak  for  the 
duty  required  of  it,  i.  e.,  for  keeping  the  channel  clear  to  deep  water 
beyond  the  end  of  the  jetty.  A  submerged  jetty  is  little  affected  by 
wave  action  and  can  be  built  of  cheap  material.  The  higher  the  jetty, 
the  more  material  it  contains  and  the  more  it  must  be  prepared  to  re- 
sist the  force  of  the  waves,  and  therefore  the  stronger  must  be  its 
structure.  Where  the  jetty  is  so  high  as  to  prevent  waves  from  cross- 
ing it,  the  action  below  water  becomes  more  violent.  In  submerged 
jetties  on  the  Atlantic  coast,  stones  of  200  lbs.  weight  will  be  stable  at 
and  below  the  level  of  low  water,  while  with  high  structures,  authori- 
ties seem  to  agree  that  more  or  less  disturbance  is  to  be  expected  to  a 
depth  of  25  ft.  below  that  level. 

On  our  South  Atlantic  coast  the  growth  of  shell  fish  materially 
assists  in  increasing  the  strength  of  the  jetties.  At  the  mouth  of  St. 
John's  River  I  have  seen  stone  which  had  been  in  the  water  not  more 
than  six  months  completely  covered  with  small  oysters  and  barnacles. 
Other  unsettled  questions  in  our  coast  jetty  work  are  whether  two 
jetties  are  necessary,  or,  if  one  jetty,  on  which  side  of  the  entrance  it 
should  be  placed.  On  the  South  Atlantic  coast  the  bars  are  formed 
by  coast  drift  having  a  resultant  movement  from  north  to  south. 
This  movement  causes  the  channels  from  the  openings  in  the  coast  line 
to  shift  to  the  south,  until,  becoming  too  long,  the  difference  of  head 
between  the  inside  water  and  the  ocean  at  low  tide  develops  sufficient 
power  to  break  a  new  and  shorter  path  to  the  sea,  when  the  slow  shift 
to  the  south  again  begins.  The  changes  in  channel  depth  take  place 
on  the  bar.  Close  in  shore  there  is  usually  a  permanent  deep  pocket  ex- 
tending from  the  entrance  in  a  southerly  direction,  which  forms  a  root, 
as  it  were,  from  which  the  shifting  channels  spring. 

My  understanding  of  the  action  of  the  jetties. on  this  coast  is  ;is 
follows.  A  north  jetty  protects  the  temporary  channel  straight  sea- 
ward from  the  north  end   of  this  pocket,  aud  it  becomes  more   per- 
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rnanent,  but  under  winds  from  the  north  and  the  slight  southerly 
tendency  of  ebb  tides  there  is  an  escape  of  water  to  the  south,  and  the 
north  channel  does  not  acquire  great  depth.  If  by  storm  action,  sand 
is  swept  across  the  north  jetty,  this  north  channel  may  be  shifted  or, 
temporarily  at  least,  obliterated. 

A  single  jetty  on  the  south  side,  straight  or  concave  to  the  current, 
prevents  the  escape  of  water  to  the  south  and  guides  the  current  in 
the  desired  direction.  The  sand  movement  from  the  north  holds  the 
mass  of  the  water  flowing  to  and  from  the  entrance  close  against  the 
jetty  and  maintains  a  channel  there,  but  the  sandbanks  on  the  north 
are  not  sufficiently  high  or  sufficiently  stable.  There  is  always  an 
escape  of  water  across  them  through  minor  channels.  In  the  unim- 
proved harbors  there  is  generally  a  flood  channel  close  along  shore  on 
the  north  side  of  the  entrance  through  which  a  portion  of  the  ebbs 
escapes.  Under  the  influence  of  a  long-continued  southeast  gale  so 
much  water  may  be  driven  through  these  secondary  channels  as  to 
reduce  the  flow  through  the  south,  or  jetty,  channel  below  the  volume 
necessary  for  maintaining  this  channel  at  full  depth,  resulting  in  the 
temporary  closing  of  the  port. 

It  is  my  belief  that  under  the  conditions  prevailing  on  the  South 
Atlantic  coast,  two  jetties  are  required  to  produce  and  maintain  a  per- 
manent deep  entrance  to  the  ports,  it  being  understood  that  they  shall 
be  located  and  built  with  due  regard  to  the  essential  condition  that 
the  tidal  prism  of  the  harbor  must  not  be  reduced.  I  am  not  familiar 
enough  with  the  physical  conditions  of  the  Pacific  coast  harbors  to 
judge  of  their  requirements.  Apparently  these  conditions  differ  only 
in  degree  from  those  of  the  Atlantic  coast.  At  the  mouth  of  the 
Columbia  River  the  volume  of  flow  is  very  great  and  the  rocky  head- 
land on  the  north  acts  as  a  short  jetty,  so  that  it  is  possible  that,  while 
the  ebb  flow  may  be  scattered  through  several  channels,  there  will 
remain  a  volume  of  flow  through  the  main  channel  sufficient  to  main- 
tain the  required  depth  without  further  jetty  construction. 
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ADDRESS  AT  THE  ANNUAL  CONVENTION  AT 
CHICAGO,  ILL.,  AUGUST  4th,  1S93. 


By  Wuiiam  Metcalf,  President  Am.  Soc.  C.  E. 


Gentlemen  of  the  American  Society  of  Civil  Engineers : 

It  -would  seem  ou  this  occasion  of  a  general  gathering  of  the  nations 
to  celebrate  one  of  the  greatest  events  of  history,  and  to  illustrate  by 
their  products  the  -wonderful  advances  made  by  men  in  this  most  en- 
lightened age,  as  if  the  annual  address  should  deal  more  in  a  general 
view  than  in  a  specific  rehearsal  of  the  events  of  a  year,  or  of  the  works 
alone  of  the  present  day. 

So  far  as  we  are  informed  by  history,  or  as  we  can  learn  by  the  study 
of  ancient  ruins,  we  know  that  there  have  been  always  great  engineers 
in  the  civilized  world. 

From  the  time  when  man  was  first  directed  to  go  forth  and  subdue 
the  earth,  to  the  present  day,  we  know  that  men  have  always  been 
engaged  in  gigantic  efforts  either  to  destroy  one  another,  to  better  the 
condition  of  the  people,  or  to  rear  useless  monuments  to  pride  and 
vanity. 

Such  efforts  continue  to  this  day;  but  mainly  now,  we  may  pride 
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ourselves,  they  are  directed  in  one  way  or  another  for  the  betterment 
of  mankind,  by  a  reduction  of  exhausting  toil,  and  by  a  wider  diffusion 
of  comforts. 

What  better  illustration  could  we  have  of  the  power  of  engineers 
in  the  present  day  than  the  wonderful  "  White  City,"  which  is  so  much 
admired  by  all  ?  Here  adaptability,  roominess,  comfort  and  conve- 
nience are  made  beautiful  in  every  detail  by  the  most  perfect  art. 

Out  of  the  swanip  has  sprung  up,  as  it  were,  in  a  night,  this  mar- 
velous city,  outdoing  the  imaginings  of  the  Oriental  mind  and  paling 
the  light  of  Aladdin's  lamp. 

Among  the  ancients,  we  have  abundant  evidence  that  the  Egypt- 
ians carried  out  vast  works  of  irrigation,  to  increase  the  productive- 
ness of  the  land;  the  Jews  paid  much  attention  to  the  supplying  of  an 
abundance  of  pure  water  for  the  inhabitants  of  their  towns,  and  built 
great  storehouses  for  food  products;  their  works  unearthed  in  recent 
years  show  that  their  engineers  were  men  of  much  ability. 

The  Romans  carried  out  such  works  to  an  extent,  and  added  re- 
markably well-built  roads  to  a  degree  that  excite  the  admiration  of  all 
to  this  day. 

The  Greeks  earned  art  and  luxury  to  such  perfection  that  we  of  to- 
day feel  that  we  can  only  admire  and  imitate. 

From  the  time  of  the  destruction  of  the  Roman  empire  to  nearly  the 
time  of  Columbus,  there  was  stagnation  in  all  of  the  arts,  and  but 
little  progress  was  made  in  any  direction;  this  is  called  the  dark  age 
in  history,  yet  the  light  of  civilization,  of  art  and  of  engineering,  was 
kept  alive  by  a  body  of  men  who  ostensibly  left  the  material  world  to 
give  up  their  minds  to  the  spiritual,  and  who  yet  preserved  the  knowl- 
edge that  enlightened  the  people  when  they  were  aroused  to  a  considera- 
tion of  better  things  than  mutual  destruction.  Among  these  monks 
was  formed  a  mendicant  order  called  Pontifex,  or  Bridge-Builders; 
this  order  continued  for  several  centuries  and  wound  up  its  work  in 
one  Boniain,  who,  after  previous  good  service  under  Colbert,  became  one 
of  the  earlier  engineers  in  the  Corps  des  Ponts  et  Chaussees  of  France. 

The  Pontifex  may  be  called  the  first  Institution  of  Civil  Engineers 
of  which  we  have  any  knowledge. 

At  the  time  of  Columbus  the  Pontifex  were  of  little  repute,  if,  in- 
deed, they  -were  known  at  all  ;  engineering  was  devoted  maiuly  to 
architecture;   architecture  chiefly   to   the  building   of   churches  and 
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palaces;  art  was  given  up  to  the  adornment  of  these,  and  little  heed 
■was  given  to  the  welfare  of  the  people. 

Yet  there  were  great  men  and  brave  men  in  those  days,  of  which  we 
need  no  better  proof  than  a  glance  at  the  copies  of  the  funny  little 
caravels  that  brought  the  discoverers  to  our  shores,  across  the  then 
unknown  seas. 

To  all  who  saw  these  caravels  lying  in  the  Hudson  River  beside  the 
great  steam  vessels  of  to-day,  nothing  need  be  said  about  the  advances 
of  engineering  in  the  last  400  years. 

The  history  of  four  centuries  lay  there  epitomized,  to  be  taken  in 
at  a  glance.  And  even  if  the  great  fleets  lying  there  were  machines  of 
destruction,  compared  to  the  works  of  peace  on  all  sides  of  them  they 
were  as  nothing. 

The  very  power  of  these  war  vessels  makes  for  peace;  the  skill,  the 
ingenuity  and  the  destructiveness  developed  in  the  works  of  the  naval 
and  military  engineers  are  all  in  favor  of  peace;  these  works  are  so 
destructive  and  so  enormously  expensive  that  the  nations  are  growing 
afraid  of  war,  so  that  the  very  power  of  these  engineers  tends  to  the  ruin 
of  their  branch  of  the  profession,  and  we  welcome  them  into  our  socie- 
ties gladly  as  brother  engineers  and  promoters  of  harmony. 

Of  the  future  of  engineering,  both  as  a  lucrative  profession  and  as 
a  promoter  of  good,  much  might  be  said. 

The  Siberian  railroad  across  Asia,  to  be  followed  by  many  thousands 
of  miles  of  branch  lines,  must  certainly  arouse  the  misty  East  from  its 
lethargy,  and  animate  those  great  peoples  with  modern  energy  and  the 
spirit  of  advancement. 

The  building  of  railroads  and  opening  of  water-ways  into  and 
through  the  wilds  of  Africa  will  bring  light  into  the  "  Dark  Continent," 
put  an  end  to  the  terrible  cruelties  which  are  practiced  upon  inoffen- 
sive peoples  and  dispel  the  terrors  of  ignorant  superstitions.  The 
building  of  the  trans-Andean  railroad,  and  the  cutting  of  the  Isthmean 
canal,  will  unite  the  western  hemisphere  into  a  brotherhood  of  peaceful, 
happy  nations ;  for  before  these  works  are  completed,  our  military  mem- 
bers will  have  made  war  altogether  too  exjjensive  for  sensible  people 
to  indulge  in. 

But  if  the  building  of  more  railroads  and  the  digging  of  more 
canals  are  to  be  considered  rather  as  advancing  upon  good  old  lines 
than  real  development,  there  is  much  other  work  for  the  engineer  to 
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do  in  the  way  of  true  development.  The  engineer  is  the  guide,  or  the 
pilot,  of  human  energies;  he  has  on  one  hand  the  vast  mass  of  laborers 
to  organize  and  teach,  to  produce  the  greatest  results  with  the  least  effort. 

He  has  the  great  army  of  mechanics  ready  to  furnish  him  with  every 
useful  tool  he  can  call  for,  to  increase  efficiency  and  reduce  cost.  He 
has  also  the  smaller,  but  most  potent  body  of  men,  the  scientists,  to 
make  known  the  unknown,  to  open  new  roads,  and  to  discover  the 
causes  or  sources  of  danger,  such  as  the  all-devouring  bacteria, 
"greater  than  an  army  with  banners,"  which  the  engineer  must 
destroy  for  the  good  of  the  people. 

A  Crookes  to  point  to  the  powers  of  the  ether;  a  Tresle  to  guide  him 
to  the  development  of  the  tremendous  forces  of  electricity;  a  Langley 
to  show  him  how  to  navigate  the  air;  Roberts-Austen,  Osmond  and 
others  to  see  into  and  read  the  mysteries  of  the  useful  metals,  and 
many  others  in  all  of  the  walks  of  science  probing  and  searching- 
Nature  for  her  truths. 

Many  of  their  discoveries  which  appear  as  toys  now  are  potent  with 
great  gains  to  future  generations;  although  they  are  but  small  slits 
now  admitting  feeble  rays  of  light,  the  wedges  are  entered,  and  the 
doors  will  be  opened  for  great  advances  in  the  future. 

The  steam  engine,  the  great  modernizer,  in  all  of  its  present  perfec- 
tion, is  too  slow,  too  expensive,  too  wasteful  of  power.  Man  must 
have  something  better;  science  will  point  out  the  way,  and  engineers 
will  apply  the  science  for  the  good  of  man.  Engineering,  then,  is 
much  more  than  the  designing  and  building  of  structures,  ships,  roads, 
and  canals;  it  involves  the  economic  use  of  labor  on  one  hand  and  the 
proper  application  of  capital  on  the  other;  the  one  must  be  employed 
fairly  and  justly,  and  the  other  must  be  applied  so  as  to  yield  a  reason- 
able return. 

That  engineers  have  been  successful  in  both  is  shown  abundant  ly 
in  the  facts  that  we  have  now  the  cheapest,  quickest  and  safest  means 
of  transportation  the  world  has  ever  known. 

We  have  the  most  economical  and  best  distribution  of  food,  cloth- 
ing and  allot'  the  comforts  of  life,  and  in  many  ways  the  most  even  dis- 
tribution of  wealth.  By  means  of  the  almost  instantaneoxis  spread  of 
intelligence,  and  by  quick  modes  of  transit  of  great  quantities  of  ma- 
terial, severe  or  long-continued  famines  have  become  almost  impossible 
in  the  enlightened  parts  of  the  world. 


ADDRESS    OF   PRESIDENT    WILLIAM    METCALF.  395 

So,  too,  a  knowledge  of  sanitary  laws  enables  us  now  to  meet  and 
suppress  many  epidemic  or  contagious  diseases,  which  in  the  time  of 
Columbus  would  have  swept  over  the  earth  unresisted,  decimating  the 
nations  until  the  virus  was  exhausted  or  all  weak  persons  were 
carried  off. 

These  are  the  grandest  triumphs  of  engineering;  they  are  the  bene- 
ficent effects  of  the  great  works  of  engineers.  Huge  bridges  and  magni- 
ficent structures  of  all  kinds  appeal  to  the  eye  and  excite  admiration; 
the  greater  comfort  and  well-being  of  the  people  appeal  to  the  better 
feelings  and  should  excite  gratitude. 

More  than  2  000  years  ago  a  sage  wrote  that  the  mechanics  are  the 
men  who  will  maintain  the  state  of  the  world;  true  then,  the  state- 
ment is  equally  true  to-day,  and  the  engineer  is  but  the  highest  devel- 
opment of  the  mechanic  through  the  evolution  of  the  centuries.  He  is 
the  civil,  the  mechanical,  the  mining,  the  electric,  the  military  and 
the  sanitary  engineer;  he  stands  as  the  guide  and  the  arbiter,  just  to 
labor  on  one  side  and  honest  to  capital  on  the  other.  If  social  questions 
are  out  of  his  province  and  he  may  not  meddle  with  them,  he  may,  at 
least,  and  he  will,  be  true  to  his  high  position  and  great  trusts,  and  so 
help  to  hasten  forward  that  era  to  which  all  eyes  are  turned,  the  era  of 
-' Peace  on  earth,  good  will  toward  men." 
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EROSION  OF  RIVER  BANKS  ON  THE  MISSISSIPPI 
AND   MISSOURI  RIVERS.* 


By  J.  A.  Ockerson,  M.  Am.  Soc.  C.  E. 
Bead  June  21st,  1893. 


A  general  survey  of  the  Mississippi  River  from  Cairo,  111.,  to 
Donaldson ville,  La.,  was  made  by  the  Mississippi  River  Commission 
during  the  years  1879  to  1883.  This  comprised  a  system  of  secondary 
triangulations,  carried  out  with  all  the  refinements  usual  in  such  work, 
by  means  of  which  numerous  stone  monuments  were  located  at  frequent 
intervals  along  the  river,  to  serve  as  initial  points  for  all  future  surveys. 
On  these  points  careful  topographic  surveys  were  based  and  additional 
stone  survey  marks  were  set,  marking  sections  of  the  channel  (thalweg) 
at  intervals  of  3  miles  along  the  river.  On  these  lines  there  were 
usually  placed  four  stones,  one  on  each  side  of  the  river  and  about 
'  mile  from  it,  the  others  being  about  ^  mile  farther  back.  In  the 
survey  these  lines  are  called  stone  lines. 


*  Discussions  on  this  paper  received  before  November  1st,  1893,  will  be  published  in  a 
subsequent  number. 
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A  line  of  precise  levels  was  also  carried  along  the  river,  and  numer- 
ous bench  marks  placed.  From  these  the  elevations  of  the  stones  on 
the  stone  lines  and  the  secondary  points  were  derived.  It  will  be  seen, 
then,  that  a  very  large  number  of  points  were  established  whose 
positions  and  elevations  are  well  determined.  By  using  these 
fixed  points  in  new  surveys,  it  becomes  an  easy  matter  to  determine  the 
changes  in  bank  line,  with  a  great  degree  of  accuracy,  for  all  time  to 
come. 

In  the  fall  of  1891,  it  was  deemed  advisable  to  investigate  the  condi- 
tion of  these  marks,  and,  at  the  writer's  suggestion,  there  was  coupled 
with  it  a  re-determination  of  the  bank  lines  in  the  bends.  The  length 
of  river  covered  by  this  investigation  is  about  885  miles.  A  brief 
report  on  the  subject  was  made  and  published  in  the  annual  report  of 
the  Mississippi  River  Commission  for  1892. 

In  November,  1892,  the  writer  made  a  trip  over  this  portion  of  the 
river  at  a  very  low  stage  of  water.  Careful  notes  of  the  character  of  the 
banks  and  the  nature  of  the  material  composing  them  were  made,  and 
it  was  thought  that  the  subject,  with  the  new  facts  elaborated  by  fur- 
ther study,  would  be  of  sufficient  interest  to  present  before  the  Society. 
Through  the  courtesy  of  Lieutenant  J.  C.  Sanford,  Secretary  of  the 
Missouri  River  Commission,  who  kindly  placed  their  maps  at  the 
disposal  of  the  writer,  the  study  was  extended  in  a  similar  way  over 
some  800  miles  of  the  Missouri  River. 

Every  one  who  has  traveled  on  these  rivers  has  doubtless  heard  of 
the  enormous  and  rapid  changes  that  are  continually  occurring,  and 
the  impression  is  given  out  that  the  entire  alluvial  plain  has  been  occu- 
pied by  the  bed  of  the  streams  in  quite  recent  times  ;  that  the  river 
was  there  yesterday,  is  here  to-day,  and  will  occupy  a  different  bed 
to-morrow.  The  genial  pilot  will  tell  you  that  the  prow  of  his  steamer 
has  passed  over  "every  foot  of  the  ground  from  yonder  clump  of  big 
trees,"  now  10  miles  inland,  to  the  present  location  of  the  channel.  In 
short,  every  one  familiar  with  the  rivers  knows  that  bank  erosion 
is  constantly  going  on,  and,  although  large  m  amount,  nearly  every 
one  whose  knowledge  does  not  come  from  actual  measurements  has  an 
exaggerated  idea  of  its  extent. 

It  is  believed  that  these  surveys  furnish  the  first  opportunity  of  an 
accurate  determination  of  the  amount  of  erosion,  and  may  throw  some 
light  on  the  conditions  affecting  this  amount.     It  is  a  matter  of  much 
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regret  that  the  importance  of  establishing  fixed  points  had  not 
occurred  to  Humphrey  and  Abbot  during  their  extended  investiga- 
tions of  the  physical  characteristics  of  the  river.  It  would  have  given 
us  a  much  broader  base  for  our  studies,  and,  consequently,  more  well- 
determined  constants  to  aid  in  the  solution  of  the  problems  of  regula- 
tion and  control  of  this  great  river.  We  have  really  only  a  period  of 
about  10  years  during  which  the  regimen  of  the  river  has  been 
carefully  noted  and  recorded,  and  during  that  time  many  important 
principles  have  been  worked  out,  and  facts  have  taken  the  place  of 
theories. 

Other  important  questions  can  be  settled  only  by  continuing  the 
investigations  through  a  much  longer  period  of  time,  for  the  changes  in 
the  physical  condition  of  the  river,  if  they  really  exist,  must  necessarily 
develop  very  slowly.  While  we  are  impressed  with  the  radical  changes 
that  occur  in  a  single  locality,  we  are  still  unable  to  grasp  the  sum 
total  or  resultant  effect  on  the  whole  stream  without  an  extended  series 
of  observations. 

Lateral  Movement  of  the  Bed  of  the  River. — In  order  to  show  that  the 
lateral  oscillation  of  the  stream  is  really  confined  to  rather  narrow 
limits,  a  map  (Plate  L)  has  been  prepared  showing  the  river  as  it  was  in 
1768  and  in  1893.  The  early  map  was  traced  directly  from  Captain 
Philip  Pitman's  "Early  Settlements  on  the  Mississippi,  with  Plans 
and  Draughts,"  published  in  London  in  1770  (loaned  for  the  purpose  by 
Colonel  George  E.  Leighton).  The  map  of  the  last  date  was  reduced 
with  pantograph  to  the  same  scale  as  the  former,  from  charts  based  on 
accurate  surveys  made  by  the  Mississippi  River  Commission. 

In  this  comparison  it  should  not  be  claimed  that  the  old  map  will 
bear  the  test  of  rigid  measurements,  as  the  methods  in  use  at  that  early 
date  were  very  crude,  and  doubtless  Captain  Pitman's  force  was  a  very 
small  one.  In  comparing  with  the  maps  of  Lieutenant  Loss,  Collot 
and  others  of  about  the  same  period,  it  is  readily  seen  that  the  work  is 
entitled  to  the  credit  of  being  a  careful  reconnaissance  of  high  grade,  in 
which  the  important  features  and  many  details  were  very  well  sketched. 
In  order  to  facilitate  the  comparison,  corresponding  features  in  the  two 
niaps  are  marked  with  the  same  numerals. 

The  first  striking  feature  in  this  comparison  is  the  remarkable  sta- 
bility of  the  larger  islands  and  the  very  marked  similarity  of  the  bends. 

Beginning  at  the  mouth  of  the  Ohio  River  and  moving  southward, 
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we  see  in  the  first  left-hand  bend  the  nucleus  of  the  island  at  the  mouth 
of  Mayfield  Creek,  which  we  now  know  as  "Island  No.  1."  Opposite 
the  next  right-hand  bend  is  the  group  of  islands  which  now  constitutes 
Islands  Nos.  2,  3  and  4.  Just  below  Columbus,  and  marked  with  the 
numeral  I  on  both  maps,  is  Wolf  Island.  Island  No.  8  is  marked  2,  and 
New  Madrid  Bend  3.  Ruddle's  Point  is  4,  and  Island  16  is  5.  The 
mouth  of  the  Obion  River  is  shown  at  6,  and  here  is  the  first  change 
of  considerable  magnitude  in  the  whole  stretch  of  130  miles.  At  this 
point  a  cut-off  occurred  in  1821.  Then  comes  the  Plum  Point  Reach 
(7),  which  even  at  that  early  date  was  obstructed  by  the  "Isles  Cana- 
diens,"  and  bars,  very  much  as  it  was  when  the  improvement  work  began 
in  1882.  Islands  34  and  35  are  unmistakably  identified  at  8  and  9,  the 
"Devil's  Elbow,"  cut  off  in  1876,  at  10,  Beef  Island  at  11,  and  Presi- 
dent's Island  at  13.  Now  look  back  at  this  reach  of  240  miles  of  river 
and  eonrpare  more  minutely,  and  many  other  features  common  to  both 
maps  will  be  identified.  Every  bend  and  island  of  considerable  magni- 
tude then  has  its  counterpart  to-day.  Then,  as  now,  the  river  swept 
the  bluffs  at  Columbus,  Hickman,  Fulton,  Randolph  and  Memphis. 

Below  Memphis  are  two  cut-off  lakes,  evidently  made  at  a  period 
prior  to  Captain  Pitman's  survey.  Council  Bend  (14),  cut  off  in  1874, 
and  Walnut  Bend  below,  are  both  plainly  defined  as  is  the  mouth  of 
the  St.  Francis  River  (15).  None  of  the  early  maps  show  the  bluffs  at 
Helena,  and  perhaps  the  hills  were  so  far  away,  and  obscured  by  the 
dense  growth  along  the  river  banks,  that  they  escaped  notice.  This 
could  readily  be,  even  if  the  distance  was  short,  as  the  travelers  were 
in  small  boats,  and  probably  their  observations  were  largely  confined  to 
the  area  lying  between  the  river  banks.  Moon  Lake  (16),  date  of  cut- 
off not  known,  and  Horseshoe  Lake  (17),  cut  off  in  1848,  are  easily 
placed.  The  mouth  of  the  White  River  (18),  and  the  Arkansas  River 
(19),  are  both  well  defined,  BeulahLake,  cut  off  in  1863,  corresponding 
to  the  bend  at  mouth  of  the  Ai'kansas. 

Cypress  Creek  and  Cat  Fish  Point  at  20,  and  Greenville  Bends  at  21, 
are  familiar  features  to  river-men.  The  latter  bends  seem  to  have  been 
somewhat  elongated,  but  it  is  more  than  probable  that  part  of  this  dis- 
crepancy should  be  attributed  to  the  work  of  the  early  explorer  who 
could  easily  be  pardoned  for  smoothing  out  some  of  the  curves  where 
the  changes  in  direction  were  so  sudden  and  so  radical  as  to  be  de- 
cidedly confusing  to  any  one  but  a  well-equipped  surveyor. 
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Lake  Providence  Beach  with  the  "Old  River"  (22),  cut  off  in  1830, 
shows  the  same  general  features  at  both  dates.  The  Yazoo  River  (24) 
then  emptied  directly  into  the  bend  of  the  river  which  was  cut  off 
about  the  year  1799.  At  Vicksburg  the  hills  are  reached  again,  and 
another  cut-off  occurred  in  1876.  Palmyra  Bend  (25),  Grand  Gulf  (26) 
and  Coles  Point  (27),  are  all  plainly  similar.  Note  carefully  the  con- 
ditions at  27  at  the  two  periods.  Coles  Point,  a  thin  neck  of  land, 
finally  cut  off  in  1884,  stood  as  a  barrier,  forcing  the  river  6  miles  to 
the  eastward  almost  at  right  angles  to  its  general  course.  When  the 
cut-off  occurred,  the  width  of  the  neck  of  land  was  nearly  the  same  as 
it  was  over  100  years  earlier.  But  when  the  active  erosion  began,  a  few 
hours  was  sufficient  to  cut  through  a  deep  channel,  which  is  now  the 
main  river.  Many  attempts  had  been  made  by  means  of  large  ditches 
to  hasten  this  cut-off,  but  the  river  did  not  break  through  on  the  line 
of  the  ditches  at  all,  but  did  its  own  work  unaided.  At  29  is  the  Hoino- 
chitto  Cut-Off,  which  occurred  about  the  year  1799. 

In  the  vicinity  of  Bed  Biver  (30),  two  artificial  cut-offs  were  made, 
the  upper  one  under  the  authority  of  the  United  States,  by  Captain 
Shreve,  in  1831,  and  the  other  one  by  the  State  of  Louisiana,  in  1848. 
"  Lac  de  la  Croix  "  is  still  in  existence,  as  shown  on  the  map  of  1893. 

The  "  Fausse  Biviere,"  cut  off  about  1710,  below  Point  Coupee  (32), 
is  somewhat  discrepant,  but  this  is  evidently  mostly  the  fault  of  the 
explorer  who,  at  that  stage,  was  perhaps  taking  lessons  on  his  up- 
stream journey  in  the  very  difficult  problem  of  sketching  a  curve  ac- 
curately from  one  of  its  extremities.  Other  explorers  of  a  few  years 
later  show  better  results  in  this  vicinity.  From  Point  Coupee  down, 
the  similarity  in  the  two  maps  holds  good.  Profit  Island,  a  short 
distance  above  33,  the  first  island  in  the  river  above  the  Gulf  of 
Mexico,  is  still  a  double  island  as  it  was  when  when  Captain  Pit- 
man sketched  it.  The  City  of  Baton  Bouge  is  apparently  farther 
down  the  river  than  the  early  settlement.  The  bends  and  bayous  be- 
low this  point  are  all  in  harmony  on  the  two  maps. 

In  early  reports  to  the  Mississippi  Biver  Commission,  the  writer 
called  attention  to  the  pertinacity  with  Avhich  deep  indentations  and 
projecting  points  retain  their  identity,  although  the  entire  bank  line 
receded  several  hundred  feet.  This  being  true,  it  may  be  urged  that 
the  similarity  of  the  bends,  and  the  apparent  stability  of  the  islands, 
furnish  little   or  no  proof   bearing  on    the   movements  of  the  river, 
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That  is,  the  large  islands  might  move  bodily  down  stream  or  laterally 
for  long  distances.  Furthermore,  we  know  that  the  heads  of  the 
islands  are  eroded,  and  accretions  are  added  at  their  lower  ends.  It 
is,  however,  evident  that  the  rate  of  this  movement  is  not  as  great  as 
is  generally  believed. 

There  is  another  kind  of  definite  evidence  bearing  on  this  question 
which  cannot  be  ignored,  evidence  that  can  come  only  from  an  inti- 
mate acquaintance  with  the  forests  bordering  the  river  and  covering 
densely  many  of  its  islands.  This  evidence  was  carefully  collated  in 
the  extensive  surveys  of  the  lower  Mississippi  Eiver,  the  major  part  of 
which  were  made  under  the  personal  supervision  of  the  writer.  The 
huge  trees  which  have  withstood  the  floods  and  the  encroachments  of 
the  river  for  several  scores  of  years,  bear  mute  evidence  that  the  lateral 
oscillations  of  the  river  as  a  whole  are  confined  within  comparatively 
narrow  bounds,  even  when  the  unit  of  time  far  exceeds  in  limit  the 
memory  of  the  "oldest  inhabitant"  or  the  experience  of  the  oldest 
pilot. 

The  data  for  comparisons  of  geological  periods  after  the  alluvial 
valley  ceased  to  be  an  arm  of  the  sea,  has  never  been  obtained,  and 
perhaps  never  will  be,  and  we  must  therefore  be  contented  with  such 
material  as  the  maps  of  early  explorers  give  us,  with  the  satisfaction 
of  knowing  that  future  engineers  will  always  have  convenient  and 
definite  means  of  studying  the  changes  which  occur  in  the  regimen  of 
the  river.  By  this  means  they  will,  perhaps,  be  enabled  to  determine 
many  of  the  laws  governing  the  water's  ebb  and  flow,  which  here 
produce  erosion,  there  deposit,  here  flow  deep  and  still  in  a  narrow 
channel,  there  broaden  out  and  dissipate  the  gathered  energy  in  a 
struggle  to  maintain  openings  through  several  narrow,  tortuous 
channels. 

Amount  of  Erosion  and  Character  of  Eroded  Banks. — A  general  idea 
of  the  nature  and  extent  of  the  erosion  may  be  obtained  by  the  study 
of  Plates  LI  to  LV.  (The  erosion  is  shown  by  shaded  areas,  and  the 
present  bank  line  by  a  heavy  black  line.)  The  borings  shown  on 
Plates  LI  and  LV  give  a  good  idea  of  the  material  composing  the 
banks.     This  is  also  further  shown  in  Table  No.  1. 

The  term  erosion  rather  implies  a  steady  wearing  away,  and  in 
some  cases  these  conditions  are  fulfilled.  But,  generally,  where  changes 
in  bank   line  are  rapid,  the  process   is   entirely  different.     No  great 
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amount  of  caving  occurs  at  high  water.  The  period  of  greatest 
activity  is  generally  found  to  be  during  a  falling  stage,  from  a  little 
below  the  medium  stage  down.  The  banks  being  composed  of  sand 
and  silt,  with  horizontal  layers  of  clay  at  irregular  intervals,  become 
saturated  for  quite  a  distance  from  the  river  during  the  high-water 
period,  and,  as  the  water  in  the  river  falls,  it  carries  with  it  that  which 
has  penetrated  the  banks,  and  consequently  much  of  the  sand  which 
supports  the  layers  of  clay.  This  process  is,  of  course,  aided  by  the 
drainage  from  the  overflowed  lands  and  the  impinging  current  in  the 
bends.  The  result  is  that  a  large  block  of  ground,  sometimes  200  ft. 
or  more  in  width  and  perhaps  1  mile  in  length,  settles  down  bodily 
several  feet.  The  trees  stand  vertical  for  quite  a  time,  gradually 
settling  deeper  and  deeper  as  other  layers  wash  out,  and  the  block  is 
finally  broken  up,  disintegrated  and  disappears.  When  a  narrow  neck 
of  laud  separating  the  bend  finally  breaks  through,  it  is  called  a 
cut-off. 

This  neck  of  land  may  be  quite  narrow  with  a  long  distance  around 
the  bend,  consequently  the  slope  across  it  is  much  greater  than  the 
general  slope  of  the  stream.  The  natural  supposition,  then,  would  be 
that  the  cut-off  would  be  due  to  scour  from  the  top.  This,  however, 
is  rarely  the  case,  and  the  opposite  is  more  frequently  true.  That  is, 
the  neck  is  actually  built  up  by  deposit.  Consequently,  the  seemingly 
frail  barriers  stand  for  many  years,  and  finally  break  through  in  a  few 
hours  without  warning.  More  than  likely  the  usual  process  of  under- 
mining, washing  out  a  layer  of  sand,  is  the  immediate  cause  of  the 
break.  When  the  surface  is  once  thus  broken,  the  excessive  slope  in 
an  overflowing  stage  plays  an  important  part  in  hastening  the  demoli- 
tion of  the  barriers. 

There  are  a  few  cases,  as  at  Ben  Lomond,  544  miles  from  Cairo, 
where  the  banks  are  apparently  homogeneous  sand  and  silt,  where 
they  crumble  away  rapidly  and  continuously,  the  caving  face  being 
nearly  vertical.  There  are  other  places  where  the  banks  are  apparently 
homogeneous  clay,  as  at  Linwood,  115  miles  from  Cairo,  Deadman's 
Bend,  730  miles  from  Cairo,  and,  in  general,  all  of  the  river  below 
Baton  Rouge,  where  there  is  comparatively  little  caving.  Old  Town 
Bend,  325  miles  from  Cairo,  has  always  been  conspicuous  for  the  great 
amount  of  timber  standing  in  the  water,  several  hundred  feet  from 
the  bank  proper.     The  bank  stands  about  67  ft.  above  the  thalweg  of 
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the  river-bed,  and  large  areas  settle  down,  cracking  and  breaking  up 
as  they  go,  but  the  trees  remain  standing.  With  the  accumulated 
drift  they  become  a  menace  to  flat-boat  men  and  a  rendezvous  for  log 
hunters,  who  are  always  on  the  lookout  for  stray  logs  that  come 
floating  down  the  river. 

In  November,  1891,  a  large  tract  in  the  City  of  New  Orleans,  near 
the  French  markets,  showed  signs  of  disintegration.  Cracks  appeared 
250  ft.  from  the  river  bank  and  extended  1  600  ft.  in  length.  This 
whole  area  gradually  settled,  and  the  surface  became  broken  and 
uneven.  The  subsidence  amounted  to  from  5  to  10  ft.  and  then 
apparently  ceased.  The  railroad  tracks  were  leveled  up  and  the  levee 
repaired,  and  no  further  damage  has  been  done.  Borings  in  this 
vicinity  show  a  stiff  clay  for  a  distance  of  about  50  ft.  and  a  stratum 
of  sand  about  the  same  thickness  below  it. 

Tabulation  of  Data  Relating  to  Erosion. — Table  No.  1  shows  for  the 
Mississippi  Paver,  1st,  the  bank  eroded  ;  2d,  the  distance  in  miles  from 
Cairo  ;  3d,  the  length  of  bank  eroded  ;  4th,  the  height  of  bank  above 
thalweg;  5th,  annual  amount  of  erosion,  area  and  volume  ;  6th,  degree 
of  curvature  of  caving  bends  ;  7th,  percentage  of  cultivation  ;  8th,  the 
character  and  composition  of  banks  as  derived  from  a  low-water  exam- 
ination. 

The  area  of  erosion  was  derived  by  platting  the  bank  line  of  the  new 
survey  on  the  detail  maps  of  the  old  survey,  scale  1  to  20  000,  and 
measuring  the  areas  between  the  lines  with  a  planimeter,  each  area 
being  measured  two  or  more  times. 

The  annual  rate  of  erosion  for  each  area  was  derived  by  dividing 
the  total  amount  of  erosion  by  the  number  of  years  elapsing  between 
the  two  surveys.  In  these  deductions  we  are  necessarily  compelled  to 
assume  that  the  rate  of  caving  has  been  constant  and  uniform  during 
the  period  elapsing  between  the  two  surveys.  This  assumption,  while 
not  absolutely  true,  will  answer  for  purposes  of  comparison.  In 
many  cases,  we  know  the  caving  has  been  continuous,  if  not  constant, 
and  in  a  few  cases  the  conditions  have  changed  from  erosion  to  accre- 
tion perhaps  more  than  once. 

The  average  height  of  the  banks  was  derived  from  the  soundings  at 
known  stages  and  known  elevations  of  the  banks,  both  being  shown  on 
the  detail  maps. 

The  curvature  of  the  caving   banks  was  derived  by  drawing  the 
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curve  which  fitted  the  general  trend  of  the  bend,  and  then  measuring 
the  radius  and  the  angle  included  between  the  limiting  radii.  These 
curves  were  sometimes  compound  and  occasionally  reversed.  The 
latter  are  indicated  in  the  tabulation  by  a  minus  sign  placed  before 
the  figures  indicating  the  degrees  of  the  curve.  This  means  that  the 
caving  bank  is  convex  to  the  river. 

The  column  of  "  percentage  of  cultivation  "  shows  the  relative  pro- 
portions of  cultivated  or  timbered  land  which  has  been  eroded. 

From  these  tables  a  graphical  representation  was  made,  giving  for 
each  individual  caving  area  the  rate  of  caving  per  annum  for  each  mile 
of  caving  bank  (see  Plate  LVI).  In  this  plate  the  caving  on  each  bank 
is  shown  by  triangular-shaped,  figures  in  which  the  base  represents 
the  length  of  caving,  and  the  apex  gives  the  rate  of  caving  in  square 
yards  per  annum  per  mile  of  said  caving  length.  In  length,  the  large 
squares  represent  50  miles,  as  shown  by  the  figures  between  the  two 
banks.  In  area,  the  large  squares  represent  40  000  square.  That  is, 
if  the  apex  of  the  triangular  figure  reaches  the  line  marked  80  000,  it 
shows  that  this  particular  area  caves  at  the  rate  of  80  000  sq.  yds.  per 
annum  for  each  mile  of  its  caving  length.  This  explanation  applies 
also  to  Plate  LV1I. 

An  inspection  of  Plate  LVI  shows  that  the  maximum  rate  of  erosion 
lies  between  the  limits  of  510  and  660  miles  from  Cairo.  The  rate  of 
caving  here  is  far  in  excess  of  any  other  reach,  the  maximum  being  at 
620  miles  below  Cairo,  where  on  the  left  bank  in  Newtown  Bend  it 
reaches  224  000  sq.  yds.  per  annum  for  each  mile  of  the  caving  length. 

The  left  bank  levee  system  ends,  as  shown  on  Plate  LVI,  at  575  miles 
below  Cairo,  near  the  lower  end  of  the  Yazoo  basin,  and  owing  to  the 
proximity  of  the  hills  the  left  bank  has  no  levee  from  the  above  point 
to  Baton  Rouge,  835  miles  from  Cairo.  The  right  bank  levee  system 
begins  at  425  miles  below  Cairo,  and  extends  down  to  735  miles  below 
Cairo,  or  a  short  distance  above  the  mouth  of  Red  River. 

It  is  readily  seen,  then,  that  the  area  of  greatest  caving  coincides 
with  the  leveed  portion  of  the  river,  and  this  coincidence  suggests 
that  there  is  some  intimate  relation  between  the  two. 

The  second  era  of  active  levee  building  on  this  portion  of  the  river 
began  in  1883,  or  about  the  same  time  that  the  first  survey  of  the  Com- 
mission was  made;  hence  the  comparisons  here  made  give  no  clue  as 
to  the  rate  of  erosion  before  the  levee  period.     Coles  Point  Cut-Off,  at 
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665  miles  below  Cairo,  which  occurred  in  1884,  shortened  the  distance 
between  Vicksburg  and  Natchez  about  12  miles  or  12  per  cent.  This 
increase  of  slope  may  have  a  marked  influence  in  bank  erosion. 
Erosion  has  apparently  been  active  in  this  region  for  a  much  longer 
period  than  the  levees  have  been  in  use,  as  abundantly  shown  in  the 
the  nine  cut-off  lakes  marking  the  former  bed  of  the  stream — an  aver- 
age of  one  every  17  miles. 

As  has  been  previously  stated,  active  erosion  is  greatest  when  the 
river  is  within  its  banks,  and  consequently  not  influenced  or  controlled 
by  the  levees.  How,  then,  can  the  levees  affect  or  influence  the  amount 
of  bank  erosion  ? 

From  Baton  Rouge  down,  the  levees  are  intact  on  both  sides  of  the 
river  and  stand  on  its  immediate  banks,  which  are  generally  100  ft.  or 
more  in  height;  yet  caving  is  comparatively  light.  A  very  marked 
diminution  of  caving  begins  at  Red  River  and  diminishes  gradually  as 
we  apj>roaeh  the  Gulf,  although  the  height  of  the  banks  above  the 
bed  of  the  river  is  very  much  greater,  except  near  the  Head  of  Passes. 

From  Cairo  down  to  510  miles  below,  the  erosion  is  tolerably  uni- 
form. There  are,  of  course,  some  areas  of  considerable  erosion,  but 
they  are  all  far  less  in  amount  than  in  the  stretch  below  it,  previously 
considered.  Here  we  find  10  cut-off  lakes,  or  an  average  of  one  for 
every  51  miles  of  river. 

It  is  more  than  probable  that  the  locality  of  excessive  erosion  is 
moving  slowly.  Perhaps  the  work  of  adjustment  between  the  forces 
of  slope  and  momentum  and  the  section  of  river-bed  and  stability  of 
banks  has  been  completed,  and  the  proper  equilibrium  established 
at  the  lower  end  of  the  river,  and  these  conditions  of  equilibrium 
are  gradually  working  up  stream,  preceded  by  an  area  of  excessive  ac- 
tivity and  leaving  behind  an  ideal  completed  river.  Then  we  should 
expect  to  find,  in  the  course  of  time,  that  the  area  of  excessive  erosion 
had  moved  up  stream. 

Perhaps  the  forces  which  have  been  active  in  building  up  sand  bars 
and  islands,  which  divide  the  channel  and  obstruct  navigation,  gather 
momentum  as  they  go,  reaching  their  climax  where  we  now  find  the 
area  of  excessive  erosion.  Then  we  should  expect  to  find  this  area  of 
activity  moving  gradually  down  stream,  and  extending  its  baleful  effects 
towards  the  Gulf. 

Profit  Island,  815  miles  from  Cairo,  is  the  farthest  down  stream  of 
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all  the  islands.  It  held  the  same  position  when  Captain  Pitman  passed 
it  125  years  ago.  There  are  no  obstructing  sand  bars  or  islands  below 
it,  except  at  the  Head  of  the  Passes,  250  miles  distant.  If  they  move 
down  stream  bodily,  why  do  they  not  push  farther  down  ?  "Will  they 
ever  reach  down  to  the  Gulf  of  Mexico  ?  These  are  interesting  cpies- 
tions  not  so  easily  answered. 

An  attempt  has  been  made  to  trace  some  relation  between  the 
amount  of  caving  and  the  curvature  of  the  bends.  In  Plate  LYI  the 
curvature  is  shown  graphically  by  lines  drawn  between  the  two  river 
banks.  The  relative  lengths  of  these  lines  show  approximately  the 
relative  curvature  of  the  bends,  as  the  lines  express  the  ratio  of  the 
curve  and  its  chord.  This  is  given  more  accurately  in  column  6  of  Table 
No.  1.  A  casual  inspection  shows  that  excessive  curvature  and  exces- 
sive erosion  are  rarely  coincident.  The  Greenville  Bends  are  examples 
of  great  curvature,  but  the  erosion  is  much  greater  in  bends  of  less 
curvature. 

The  Mississippi  River,  below  Cairo,  is  characterized  by  a  succession 
of  long  sweeping  bends,  and  the  straight  reaches  separating  them  are 
usually  short.  The  channel  line  lies  along  one  bank  for  a  distance  and 
then  crosses  over  gradually  to  the  other  bank.  The  distance  between 
Cairo  and  the  Gulf,  measured  along  the  channel  line,  is  1  063  miles. 
The  air  line  distance  is  543  miles. 

If  the  curvature  could  be  materially  increased,  so  that  the  strength 
of  the  banks  and  the  energy  of  the  flowing  water  should  finally  be  in 
equilibrium;  perhaps  a  curve  of  stability  would  be  found  where  erosion 
from  impinging  currents  would  practically  cease,  and  the  erosion  due 
to  saturation  and  undermining  would  be  materially  diminished.  As 
the  composition  of  the  banks  differs  in  different  localities,  such  an 
adjustment  as  noted  would  be  difficult  to  make. 

It  has  been  thought  that  bank  erosion  has  been  hastened  by  culti- 
vation of  the  adjacent  lands,  which  has  removed  the  roots  of  trees  that 
were  supposed  to  hold  the  particles  of  earth  together.  If  the  caving 
process  was  one  of  gradual  disintegration,  then  this  might  be  true. 
But  it  has  been  previously  shown  that  undermining  is  the  most  active 
agent,  and  it  is  effective  far  below  the  influence  of  roots. 

If  timber  has  an  appreciable  effect  on  the  stability  of  the  banks  and 
tends  to  preserve  them,  then,  in  long  bends  where  there  are  strips  of 
timber  and  cultivation  alternating,  the  banks  would  be  found  more 
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deeply  eroded  along  the  cultivated  portion,  and  they  would  necessarily 
become  irregular  in  outline.  This  is  not  found  to  be  the  case.  A 
careful  investigation  of  all  of  the  bends  fails  to  reveal  any  such  irreg- 
ularity, and  it  is  reasonable  to  conclude  that  the  character  of  vegetation 
has  little  or  nothing  to  do  with  the  amount  of  erosion.  The  percentage 
of  cultivation  in  each  eroded  area  is  given  in  column  7,  Table  No.  1. 

A  careful  study  of  Plates  LI  to  LV  will  tend  to  verify  these  state- 
ments. On  Plate  LI,  the  New  Madrid  Bend,  where  the  river  runs  due 
north  for  several  miles,  is  a  conspicuous  feature.  Note  also  the  large 
areas  sliced  out  of  the  left  bank  in  the  wide,  straight  reach  below  New 
Madrid.  The  New  Madrid  Bend  is  unique  in  being  the  only  one  on  the 
lower  river  where  the  land  on  both  sides  is  above  ordinary  floods. 

Plate  LII  shows  the  great  changes  that  have  occurred  in  the  vicin- 
ity of  Walnut  Bend  and  Commerce.  Opjjosite  Commerce  a  double 
change  took  place  during  the  interval  elapsing  between  the  two  sur- 
veys. When  the  first  survey  was  made,  very  active  caving  was  going 
on  on  the  right  bank.  This  erosion  ceased,  and  an  accretion  some 
2  000  ft.  wide  and  5  miles  long  was  made.  This  is  as  high  as  the  sur- 
rounding land,  and  is  now  cultivated.  At  the  present  time  erosion  has 
begun  to  tear  it  down  again. 

Plate  LIU  shows  the  exceedingly  crooked  portion  of  the  river  near 
Greenville,  Miss.,  which  by  some  are  termed  the  "Ox  Bows."  Here  it 
will  be  seen  that  the  caving  in  all  of  these  bends  is  continuous,  but 
not  so  great  in  amount  as  in  other  reaches. 

Plate  LIV  shows  the  region  of  greatest  activity  at  present,  and  also 
the  cut-off  which  left  Vicksburg  quite  a  distance  from  the  present 
channel.  The  inclination  of  the  river  to  follow  its  own  lines  is  here 
shown.  During  the  late  war  General  Grant  attempted  to  make  a  cut- 
off several  miles  above  Vicksburg,  so  that  his  fleet  could  pass  the  Con- 
federate batteries  beyond  the  reach  of  their  shot  and  shell.  The  canal 
was  dug  wide  and  deep,  and  considerable  water  flowed  through  it,  but 
the  river  continued  on  around  the  old  bend.  Thirteen  years  later,  a 
cut-off  was  suddenly  made,  without  any  artificial  aid,  at  a  point  about 
two  miles  below  "  Grant's  Canal." 

Plate  LV  shows  the  river  in  the  vicinity  of  Coles  Point  Cut-Off, 
which  occurred  in  May,  1884,  and  none  have  been  made  on  the  lower 
river  since  that  date.  Attention  has  been  previously  called  to  the 
stability  of  this  point  for  a  great  many  years,  in  spite  of  efforts  to  cut 
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it.     But  when  the  disintegration  once  began,  a  very  short  time  sufficed 
to  turn  the  channel  across  it. 

In  summing  up  the  totals,  we  find  that  in  885  miles  of  river  we  have 
916  miles  of  caving  banks,  including  the  islands.  On  the  left  bank  we 
find  430  miles  of  caving,  or  12  miles  less  than  one-half  the  length  of 
river  considered.  On  the  right  bank  the  caving  amounts  to  469  miles, 
or  27  miles  more  than  half  the  length.  It  should  be  borne  in  mind, 
however,  that  the  left  bank  of  the  river  strikes  the  bluffs  at  13  points, 
and  follows  them  for  a  total  of  about  27  miles.  The  right  bank  does 
not  strike  the  bluffs  at  all,  the  nearest  point  being  at  Helena,  where 
the  bluffs  are  about  \  mile  from  the  river. 

The  total  area  of  caving  per  annum  is  39  016  000  sq.  yds. ,  and  the 
average  annual  rate  of  caving  per  mile  of  river  is  44  186  sq.  yds.,  or  a 
little  over  9  acres.  The  average  depth  of  erosion  is  about  66  ft. ,  hence 
the  annual  volume  of  erosion  per  mile  of  river  is  972  092  cu.  yds.  The 
total  average  annual  volume  of  erosion  from  Cairo  to  Donaldsonville, 
as  derived  from  these  comparisons,  would  amount  to  10  sq.  miles,  84 
ft.  deep.  As  before  stated,  there  was  quite  a  large  movement  which 
occurred  between  the  dates  of  the  surveys  which  cannot  be  identified 
or  measured.  The  grand  total,  then,  would  be  a  somewhat  larger 
quantity  than  above  specified. 

The  average  annual  amount  of  erosion  of  the  right  bank  per  mile 
of  river  is  21  735  sq.  yds.,  and  of  the  left  bank,  21  391  sq.  yds.  The 
average  annual  amount  of  erosion  per  mile  of  caving  bank  is,  for  the 
right  bank,  40  924  sq.  yds.,  and  for  the  left  bank,  43  904  sq.  yds. 

It  very  rarely  happens  that  both  banks  cave  in  the  same  locality  at 
the  same  time,  and,  as  a  general  rule,  it  may  be  accepted  as  practically 
true  that  erosion  on  one  bank  is  followed  by  an  equivalent  accre- 
tion on  the  other.  In  some  cases  the  resultant  of  the  two  is  a  very 
large  decrease  in  width,  the  accretion  exceeding  the  erosion.  From 
the  lengths  of  caving  on  each  bank,  given  above,  it  is  seen  that  erosion 
is  practically  continuous  on  one  bank  or  the  other  for  the  whole  length 
considered.     The  eroded  areas  overlap  each  other  slightly. 

The  total  amount  per  annum  of  solid  matter  passing  New  Orleans 
in  suspension  is  computed,  from  sediment  observations,  to  be  about  10 
sq.  miles,  26.8  ft.  deep,  or  less  than  one-third  of  the  amount  of  erosion. 
The  two-thirds  and  more  not  accounted  for,  added  to  the  volume  tum- 
bled into  the  Missouri,  goes  to  build  up  the  bars  which  obstruct  navi- 
gation and  the  points  which  follow  the  caving  bends  by  accretions. 
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The  3fissouri  River. — The  data  for  determining  the  amount  of 
erosion  on  the  Missouri  River  was  derived  from  a  comparison  of  the 
surveys  of  1879  and  1890.  The  reach  of  river  considered  extends  from 
the  mouth  up  to  Sioux  City,  a  distance  of  802  miles.  The  scale  of  the 
maps  available  was  too  small  to  permit  of  close  measurements  of  areas ; 
still,  the  results  are  probably  not  far  from  the  truth.  The  results  were 
derived  by  the  methods  already  explained  for  the  Mississippi  River. 

The  lower  250  miles  of  the  river  is  comparatively  straight,  and  the 
long,  flowing  bends  which  characterize  the  Mississippi  River  and  the 
upper  reaches  of  the  Missouri  are  missing.  The  right  bank  follows 
the  bluff  for  a  distance  of  221  miles,  and  the  left  bank,  50  miles. 

An  inspection  of  Plate  LVII  shows  that  the  erosion  is  pretty 
uniformly  distributed  over  the  whole  length.  The  caving  areas  are 
usually  quite  short  as  compared  with  the  Mississippi  River.  The  erosion 
cuts  deep  into  the  bank  and  comes  out  abruptly,  perhaps  to  attack  the 
opposite  side.  In  general,  the  banks  are  composed  of  fine  sand  and  silt, 
which  is  quite  homogeneous.  A  few  localities  show  thin  strata  of  clay  in 
the  sand,  and  occasionally  tough  clay  of  considerable  thickness  is  found. 

The  most  active  period  of  erosion  is  during  falling  stages,  and  the 
lower  portion  of  the  bank  is  the  point  of  attack.  The  banks  are  thus 
undermined,  and,  being  very  friable,  crumble  rapidly. 

It  is  stated  in  official  reports  that  "evidences  everywhere  exist 
throughout  the  whole  extent  of  the  Missouri  Valley  that  in  past  ages 
the  river  has,  with  more  or  less  periodic  regularity,  changed  the  loca- 
tion of  its  bed  from  one  bluff  to  the  other,  and  then  back  again,  mov- 
ing in  this  change  the  whole  of  the  enormous  amount  of  soil  that  lies 
between,  and  this  operation  is  still  going  on."  *  *  *  "In  the  lakes, 
swamps  and  lowlands  we  have  unmistakable  evidence  that  as  the  river 
is  to-day,  so  it  has  been  for  ages  past,  its  peregrinations  limited  only 
by  the  bluffs  that  bound  the  valley  in  which  it  runs." 

The  distance  between  the  bluffs  from  Omaha  to  the  mouth,  668 
miles,  averages  about  3  miles;  a  considerable  proportion  of  it  is  2 
miles  or  less,  and  it  rarely  exceeds  7  miles.  As  compared  with  the 
lower  Mississippi  River,  which  has  a  valley  from  20  to  60  miles  in 
width,  the  former  is  confined  to  rather  narrow  bounds,  and  the  "pere- 
grinations," therefore,  are  necessarily  quite  limited. 

In  the  distance  of  802  miles  of  river,  the  total  erosion  amounts  to  818 
miles.  On  the  left  bank  the  length  of  erosion  is  411  miles,  or  10  miles 
more  than  half  the  length  of  river.  On  the  right  bank  the  erosion  amounts 
to  330  miles  long,  or  71  miles  less  than  half  the  distance  considered. 
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The  average  area  of  caving  per  annum  for  the  802  miles  is  50  019  000 
sq.  yds.,  and  the  average  annual  rate  per  mile  of  river  is  62  338  sq. 
yds.,  or  about  13  acres. 

The  average  annual  erosion  per  mile  of  river  is,  for  the  right  bank, 

24  804  sq.  yds. ,  and  for  the  left  bank,  33  304  sq.  yds.  The  average  an- 
nual amount  of  erosion  per  mile  of  caving  bank  is,  for  the  right  bank, 
65  041  sq.  yds.,  and  for  the  left  bank,  60  228  sq.  yds. 

There  is  no  accurate  data  available  for  the  height  of  banks  along 
the  Missouri  River.  Estimated  at  an  average  height  of  36  ft.,  would 
give  the  annual  volume  of  erosion  per  mile  of  river  748  056  cu.  yds. 
The  total  annual  erosion  would  amount  to  10  sq.  miles,  58  ft.  deep. 

In  comparing  the  totals  with  those  of  the  Mississippi  River,  it  will 
be  seen  that  the  annual  area  of  erosion  per  mile  of  river  is  about  3Q% 
less  for  the  latter.  The  volume  of  erosion  on  the  Missouri  is,  however, 
about  23%  less  than  on  the  Mississippi  for  the  same  distance.  The 
left  bank  erosion  per  mile  of  river  exceeds  the  right  bank  erosion  about 

25  per  cent.  On  the  Mississippi  River  the  right  bank  erosion  per 
mile  of  river  exceeds  the  left  bank  by  less  than  2  per  cent.  A  part  of 
these  differences  is  to  be  attributed  to  the  influence  of  the  bluffs.  In 
the  first  case,  if  we  simply  consider  in  the  comparisons  the  erod- 
ing portions  of  each  bank,  then  the  right  bank  erosion  per  mile  of 
eroding  bank  exceeds  the  left  bank  erosion  about  8  per  cent. 

On  the  Mississippi  River,  comparing  in  the  same  way,  the  left  bank 
erosion  exceeds  that  of  the  right  bank  about  7  per  cent.  Or,  in  other 
words,  the  erosion  in  both  cases  is  greatest  on  the  bank  which  lies 
nearest  the  bluffs,  but  it  is,  of  course,  confined  to  the  stretches  not  con- 
trolled by  the  bluffs,  which  do  not  yield  to  erosion  to  any  great  extent. 

It  is  plainly  evident  that  bank  erosion  is  one  of  the  principal  factors 
in  the  solution  of  the  problem  of  river  improvement  and  control.  If 
contraction  works  are  built,  then  erosion  becomes  active  on  the  oppo- 
site bank,  and  the  river  soon  moves  beyond  the  sphere  of  influence  of 
such  works.  If  levees  are  built,  they  are  often  quickly  destroyed  by 
caving  into  the  river,  and  new  lines  must  be  constructed  to  restrain  the 
floods.  On  the  other  hand,  active  erosion  furnishes  abundant  material 
to  build  up  the  artificial  banks  whore  channel  contraction  is  required. 

A  flimsy  pile  dike  on  the  lower  Mississippi  or  Missouri  induces 
enormous  deposits  in  a  very  short  period  of  time.  On  the  upper  Mis- 
sissippi, above  the  mouth  of  the  Missouri,  this  action  is  very  much 
slower,  and  quite  a  long  period  of  time  is  required  to  gather  deposits 
sufficient  to  make  the  contraction  works  useful. 
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TABLE  No.  2. 

Missouri    Kiver    Bank    Erosion   From    Mouth    to   Sioux  City,    Ia. 

Distance,  802  Miles. 


Bank. 

Distance 

fbom  Mouth. 

Miles. 

Length. 
Miles. 

Caving  per 

Annum.     1  000 

Sq.   Yds. 

Character  of  Bank. 

Left 

2. 

5. 

1.7 

5. 

8. 

12.5 
14.2 
14.2 
15.6 
16.1 
16.0 
16  7 
18.2 
18.0 
21.9 
25.6 
27.6 
32.9 
35.7 
368 
37.2 
33.6 
40.5 
41.1 
42.9 
46.7 
47.5 
49.0 
50.7 
53.1 
55.6 
56.2 
61.1 
61.7 
63.9 
63.9 
65.0 
65.6 
66.5 
66.6 
68.2 
72.0 
75.1 

78  9 

79  5 
82.5 
82.7 
83  8 
88.0 
91.8 
92.4 
94.4 
95.0 
95.8 
97.5 
98.0 

101.0 
102.8 
107.5 
110.1 
110.0 
111.7 
112.5 
113.2 

3.2 
1.6 
1.2 
1.2 
1.3 
3.1 
1.7 
U.6 
0.9 
0.5 
0.5 
0.7 
2.5 
2  7 
4.3 
1.2 
2.6 
3.8 
1.8 
2.7 
3.2 
1.2 
2.1 
1.9 
0.6 
4.5 
3.5 
2.0 
1.0 
2.5 
0.6 
3.0 
3.4 
2.6 
0.6 
2.8 
0  5 
05 
0.4 
2.5 
0.5 
4.7 
1.0 
5.1 
4.0 
1.0 
1.5 
2.5 
4.5 
3.4 
0.8 
2.0 
1.2 
0.7 
3.6 
3.9 
1.8 
4.4 
0.5 
2.6 
2.2 
1.6 
2.1 
1.5 

182 

173 

194 
73 
79 

468 
5 
17 
14 
3 
11 
11 
90 
23 

338 
28 

341 

127 
45 
90 

104 
28 
42 
56 
11 

222 
34 
90 
17 

141 
14 

262 

298 
37 
25 

115 
17 
23 
6 
56 
14 

476 
17 

625 

349 
51 
76 
65 

259 

239 
54 

175 
76 
20 
45 

127 
96 

135 
14 
51 
93 
70 

107 
84 

Right 

Lett 

Left 

Left 

Right 

Right 

Left 

Right 

Left 

Right 

Clay  and  sand. 

Left 

Right 

Left 

Right 

Left 

Right 

Right 

Left 

Lett 

Left 

Right 

Left 

Left 

Right 

Right 

Left 

Right 

Left 

Right 

Left 

Left 

Right 

Left 

Right 

Left    

Left 

Right 

Right 

Right 
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TABLE   No.    2— (Continued). 


Bank. 

Distance 

from  Mouth. 

Miles. 

Length. 
Miles. 

Caving  per 

Annum.    1  000 

Sq.  Yds. 

Character  of  Bank. 

Left 

116.0 
118.6 
120.0 
120.1 
120.2 
123.1 
123.6 
124  1 
124.8 
124.8 
126.6 
127  2 
131.8 
132.4 
132.8 
136.5 
136.6 
137.0 
139.8 
144.5 
150.6 
151.8 
155.2 
157  0 
159.5 
160.6 
163.7 
166.6 
169.3 
173  1 
176  5 
176  9 
178.6 
179.3 
180  9 
181.5 
182.5 
186.0 
187.7 
189.8 
191.4 
193.5 
195.0 
194.6 
196  0 
199.3 
203.3 
205.2 
206.4 
207  4 
209.7 
209.8 
212.4 
216.4 
219.8 
220.8 
224.0 
225.2 
228.5 
232.0 
232.0 
236.0 
237.2 
238.7 
240.0 
241.2 
242.0 
251.0 
252.5 

3.0 

0.5 

0.7 

4.7 

1.2 

1.5 

0.3 

0.8 

2.4 

0.4 

2.1 

1.7 

1.7 

1.7 

1.0 

6.9 

1.4 

0  5 

0.8 

5.6 

3.1 

12 

1.7 

3.0 

1.5 

1.0 

4.5 

3.1 

3.4 

3.4 

2:0 

1.0 

1.1 

26 

1.0 

0.6 

2.6 

0.5 

3-5 

0.8 

0.7 

2.9 

1.0 

4.2 

0.3 

3.4 

2.1 

2.4 

0.4 

2.5 

0.9 

0.8 

2.8 

2.4 

3.5 

4.8 

1.1 

0  45 

2.1 

2.8 

4.2 

2.25 

08 

2.5 

1.0 

0.9 

2.5 

0.9 

3.0 

194 
8 

17 

327 

14 

70 

6 

8 

34 

8 

107 

158 

45 

45 

73 

287 

14 

17 

65 

197 

425 

59 

166 

180 

73 

14 

375 

175 

237 

321 

79 

23 

23 

51 

20 

39 

87 

6 

273 

17 

37 

68 

23 

214 

6 

79 

118 

287 

23 

251 

37 

11 

138 

163 

197 

163 

31 

8 

82 

206 

155 

121 

1 

66 

37 

54 

70 

137 

279 

Left 

Right 

Left 

Eight 

Left 

Lelt 

Right 

Left 

Sand  and  gravel. 

Left 

Left 

Right 

Right 

Right 

Left 

Right 

Left 

Right 

Left 

Right    

Left 

Right 

Left 

Right 

Left 

Left 

Lelt 

Sand. 

Left 

Right 

Left 

Right 

Left 

Left 

Lelt 

Right 

Left 

Right 

Right 

Lelt 

Left 

Left     

Right  

Right 

Left 

Bight 

Right 
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Bank. 

Distance 

from  Mouth. 

Miles. 

Length. 
Miles. 

Caving  peb 

Annum.    1  000 

Sq.  Yds. 

Character  of  Bank. 

253.7 
254.0 
256.7 
260.3 
260.7 
26U.7 
265.0 
267.2 
268.3 
269.7 
270.0 
271.0 
274  8 
276  0 
276.9 
281.4 
284.9 
287.3 
289.5 
290.5 
292.3 
296.1 
298.0 
302.2 
303.2 
308.3 
308.8 
311.6 
312.6 
313.8 
315.0 
316.0 
317.2 
319.1 
321.2 
324.1 
327.1 
328.5 
330.3 
331.7 
312.4 
336.0 
338.4 
312.5 
341.1 
343.5 
349.8 
350.2 
353.4 
357.0 
361.9 
362  3 
363.9 
367.4 
372.1 
376.8 
376.9 
377.7 
379.2 
381.4 
383.2 
385.3 
386.4 
389.3 

394  6 
397.1 
399.5 

0.6 

1.25 

1.9 

0.6 

4.5 

43 

3.0 

2.7 

1.0 

1.0 

2.2 

10 

3.7 

3.4 

1.3 

4.0 

3.6 

4.2 

26 

2.9 

2.9 

2.6 

2.0 

1.0 

5.5 

2.2 

2.0 

1.3 

2.6 

1.5 

2.0 

1.1 

1.4 

1.2 

2.5 

1  4 

1.5 

1.0 

1.6 

1.8 

4.7 

3.0 

2.5 

3.7 

1.1 

1.0 

1.4 

6.4 

5.0 

2.1 

6.2 

3.6 

1.0 

2.8 

3.1 

0.5 

2.0 

1  0 

1.7 

2.9 

2.2 

1.0 

0,6 

5.6 

2.0 
2.0 
2.0 

20 

172 

186 

20 

79 

113 

113 

70 

25 

56 

132 

186 

110 

90 

155 

104 

90 

138 

73 

84 

99 

82 

23 

34 

166 

25 

20 

17 

68 

25 

25 

79 

37 

51 

68 

11 

39 

37 

51 

99 

113 

48 

65 

177 

17 

14 

45 

256 

169 

110 

203 

183 

20 

79 

282 

11 

132 

70 

113 

242 

96 

17 

51 

215 

84 

99 

183 

Left 

Eight 

Eight 

Left 

Eight 

Lelt 

Eight 

Left 

Left 

Eight 

Eight 

Left 

Eight 

Left 

Eight 

Lett 

Eight 

Left 

Eight 

Eight 

Left 

Eight 

Left 

Left 

Lelt 

Eight 

Left 

Left 

Eight 

Left 

Left 

Eight 

Leit 

Eight 

Left 

Eight  

Eight 

Eight 

Left 

Sand  over-lying  boulders. 

Eight 

Eight 

Left 

Island 

Left 

Eight 

Eight 

Left 

Island, 

Eight 

Left 

Eight  

Silt  over-lying  boulders. 

Left 

Left 

Layers  of  coarse  and  fine 
sand. 

Eight 

Left 

Eight 
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Bank. 

Distance 

from  Mouth. 

Miles. 

Length. 
Mh.es. 

Casing  per 

Annum.    1  000 

Sq.  Yds. 

Character  of  Bank. 

Right 

405.6 
406  8 
412.6 
415.9 
421.2 
425.1 
426.5 
423.5 
429.2 
431.4 
437.1 
439.4 
440,8 
444.3 
447.8 
449.9 
450.8 
452.7 
454.5 
457.1 
464.2 
464.6 
465.5 
467.6 
471.3 
472.6 
476.4 
482.2 
484.1 
487.9 
491.2 
493.3 
502.2 
504.3 
507.3 
509.7 
511.9 
515.7 
518.9 
521.2 
524.7 
528.7 
531.6 
533.8 
536.6 
539.2 
544.1 
544.9 
546.8 
547.6 
548.5 
550.1 
551.9 
654.7 
556.5 
560.5 
560.9 
562.2 
568.0 
569.0 
569.1 
573.5 
675.5 
576.8 
578.2 
580.0 
582.2 
583.6 

2.6 
4.6 
4.0 
1.8 
2.5 
2.9 
2.6 
1.6 
1.1 
28 
1.4 
1.3 
1.5 
1.3 
4.5 
2.4 
1.5 
0.5 
3.6 
3.4 
2.5 
1.8 
0.4 
3.3 
1.2 
2.1 
4.8 
3.5 
3.0 
37 
10 
3.5 
4.5 

2  6 
1.0 
2.9 
1.5 
1.2 
3.1 
2.5 
1.8 
4.2 
1.7 
2.5 
3.2 
8.9 
3.1 
1.0 
0.8 
0.5 
0.5 
2.4 
2.7 
1.5 

3  0 
2.4 
0.7 
5.4 
5.5 
1.4 
1.8 
26 
1.1 
3.8 
2.6 
1.6 
0.8 
4.7 

82 

248 

383 

82 

135 

144 

242 

104 

51 

237 

99 

93 

23 

17 

206 

115 

14 

8 

335 

394 

56 

101 

20 

462 

113 

183 

298 

34 

180 

639 

87 

890 

555 

324 

17 

310 

62 

23 

99 

186 

146 

377 

113 

276 

467 

293 

186 

28 

31 

31 

17 

197 

37 

76 

298 

245 

96 

338 

93 

23 

42 

135 

62 

270 

259 

107 

28 

527 

Lett 

Left 

Left 

Sand. 

Left 

Chute 

Right 

Left 

Right 

Right 

Left 

Lett 

Right 

Left 

Left 

Right 

Lelt 

Left 

Right 

Left 

Right 

Right 

Left 

Right 

Right 

Left 

Left 

Right 

Left 

Right 

Left 

Right 

Right 

Lelt 

Left 

Left 

Right 

Left 

Right 

Left 

Sand. 

Right 

Leit 

Right 

Left 

Sand  and  clay. 

Right 

Right 

Left 

Right 

Sand  and  clay. 

Left 

Right 

Left 

Left 

Right 

Right 

Loft 

Right 

Leit 

Left 
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Bank. 


Chute  . 
Island. 
Left . . . 
Right  . 
Left . . . 
.Bight  . 
Left... 
Island. 
Left... 
Eight. 
Right  . 
Island. 
Left... 
Left... 
Right  . 
Right  . 
Left... 
Left... 
Island . 
Right  . 
Island. 
Left . . . 
Right.. 
Left... 
Right  . 
Island. 
Left... 
Right  . 
Right  . 
Left.... 
Right  . 
Right  . 
Lelt  ... 
Left 
Lelt..., 
Right  . 
Left... 
Right.. 
Left... 
Right  . 
Left... 
Left. . . 
Right  . 
Left 
Right  . 
Left... 
Right  . 
Left... 
Right  . 
Island . 
Right  . 
Left 
Right  . 
Left  ... 
Left... 
Right  .. 
Right.. 
Left.... 
Right  .. 
Left 
Right  . . 
Left.... 
Right . . 

Left 

Right  . . 
Left 
Right  . . 
Left . . . . 


Distance 

from  Mouth. 

Miles. 

Length. 
Miles. 

584.0 

4.5 

584.2 

1.7 

588.1 

1.5 

590.0 

1.7 

591.7 

1.8 

595.1 

3.4 

595.1 

2.5 

597.2 

1.6 

601.5 

5.8 

605.5 

3.0 

610.5 

4.0 

615.2 

0.5 

615.3 

0.6 

618.4 

2.5 

620.4 

3.3 

625.2 

0.3 

626.1 

3.1 

628.2 

1.8 

628.7 

0.7 

6H1.0 

0.3 

631.0 

0.4 

635.6 

57 

635.9 

0.9 

640  3 

1.8 

612.3 

2.1 

643  6 

0.2 

646.3 

5.1 

649.6 

22 

651.9 

2.2 

654.6 

3.6 

655.9 

1.2 

663.3 

1.5 

665.3 

3.9 

6701 

1.6 

672.8 

3.0 

677.2 

3.4 

680.6 

3.0 

684.4 

1.8 

687.8 

4.3 

690.3 

4.4 

692.3 

1.8 

695.3 

3.5 

698.3 

5.7 

702.3 

3.9 

710.2 

4.0 

713.7 

3.6 

718.4 

2.3 

718.9 

6.5 

723  6 

2.8 

725.2 

0.5 

725.4 

0.9 

727.0 

3.4 

730.7 

4.6 

733  5 

0.5 

735.8 

1.6 

736.4 

1.5 

738.5 

07 

741.4 

5.3 

745.6 

4.7 

748.3 

1.4 

749.4 

0.8 

750.7 

1.4 

754.7 

0.9 

755.8 

3.4 

759.2 

2.5 

762.0 

3.6 

766.4 

2.8 

767.6 

5.6 

Caving  per 

Annum.    1  000 

Sq.  Yds. 


118 

25 

132 

155 

200 

355 

144 

113 

721 

217 

332 

17 

14 

183 

259 

6 

138 

59 

23 

6 

11 

231 

28 

180 

259 

23 

524 

141 

110 

498 

54 

17 

234 

84 

141 

82 

222 

115 

487 

372 

37 

287 

391 

515 

270 

161 

186 

772 

346 

20 

28 

282 

479 

6 

34 

17 

17 

431 

13-1 

17 

14 

194 

118 

400 

124 

369 

296 

591 


Character  of  Bank. 


Sand. 


Sand  and  clay. 


Fine  Sand. 
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Bank. 

Distance 

from  Mouth. 

Miles. 

Length. 
Miles. 

Caving  pee 

Annum.    1  000 

Sq.  Yds. 

Character  of  Bank. 

Right 

772.5 
772.7 
775.8 
777.4 
779.0 
780.2 
781.2 
782.7 
783.7 
787.4 
789  4 
792  2 
796.0 
796.7 
796.4 
800.8 
802.4 

0.7 
3.0 
3.6 
1.4 
0.3 
2.0 
0.5 
2.2 
i.9 
32 
6.0 
2.4 
0.5 
1.8 
5.8 
1.3 
1.6 

28 

273 

197 

42 

28 

166 

11 

82 

329 

211 

1073 

234 

6 

152 

276 

17 

56 

Left 

Left 

Right 

Left 

Right 

Left . . . 

Right 

Left 

Right 

Left            

Right 

Right 

Right 

Sand  and  silt. 

Totals 

818.15  miles. 

50  019  000 

Miles.  Square  Yards. 

Total  caving  left  bank  per  annum 411.05  26  723  000 

Total  caving  right  bank  per  annum.... 330.3  19  893  000 

Total  caving  islands  per  annum 76.8  3  403  000 

Total  average  caving  per  mile  of  river  per  annum 62  338 

Average  caving  per  mile  of  river,  right  bank 24  804 

Average  caving  per  mile  of  river,  left  bank 33  304 

Average  caving  per  mile  of  caving  bank,  right  bank 65  041 

Average  caving  per  mile  of  caving  bank,  left  bank 60  228 
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FINAL    REPORT    OF    THE    COMMITTEE    ON 
STANDARD    RAIL    SECTIONS." 


To  the  President  and  Members  of  the  American  Society  of  Civil  Engineers  : 
Your  Committee  on  Standard  Rail  Sections  have  the  honor  to  sub- 
mit the  accompanying  series  of  rail  sections  (Plates  LVIII  to  LXX) 
and  the  following  report  as  their  final  recommendation,  and  ask  to  he 
discharged. 

Since  the  progress  report  of  the  Committee,  which  was  presented 
and  accepted  at  the  Annual  Meeting  of  the  Society,  January  21st,  1891, 
your  Committee  has  held  a  number  of  meetings  and  conducted  an 
extensive  correspondence  with  many  of  the  Chief  Engineers  of  the 
railroad  systems  of  the  country. 

The  carefully  prepared  reports  of  the  Committee  of  the  Society  on 
"  The  Pixrper  Relation  to  each  other  of  the  Sections  of  Railway  Wheels 
and  Rails,"  and  the  papers  and  discussions  of  the  Society,  called  forth 
by  them,  gave  your  Committee  valuable  data  as  the  basis  of  their  work. 
The  first  result  of  their  deliberations  was  the  preparation  and  discus- 
sion of  several  series  of  rail  sections.  As  will  be  seen  by  reference  to 
the  progress  report,  there  were  originally  considerable  differences  in 
the  views  of  the  several  members.     Correspondence,  observation  of  the 

*  Presented  at  the  Business  Meeting  of  the  Annual  Convention,  August  2d,  1893. 
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results  obtained  from  rails  in  actual  use,  and  discussion,  have  recon- 
ciled these  differences  so  that  your  Committee  are  able  to  present  a 
final  report. 

As  the  mileage  of  practically  straight  track  so  much  exceeds  that  on 
curves,  it  seemed  wisdom  to  select  sections  which  would  give  the  most 
satisfactory  results  on  the  greater  percentage;  if,  at  the  same  time, 
such  service  would  extend  to  curved  track,  so  much  the  better.  We 
are  satisfied  that  the  sections  recommended  are  the  best  for  straight 
track,  and  that  if  the  rails  are  properly  laid  they  will  do  well  on  curves. 

Our  investigation  developed  that  the  greatest  difference  of  opinion 
among  the  railroad  engineers  of  the  country  as  to  rail  sections  was  upon 
the  proper  radius  for  the  top  corners  of  the  rail  heads.  In  the 
correspondence  which  we  present  as  an  appendix  to  this  report,  it  will 
be  observed  that  this  point  is  the  most  discussed.  Most  of  these  let- 
ters were  received  in  reply  to  a  final  circular  letter  of  inquiry,  which 
was  sent  to  the  Chief  Engineers  of  every  railroad  having  100  miles  and 
over  of  track.  Fifty-five  replies  were  received,  and  of  these  we  pre- 
sent those  giving  decided  opinions. 

In  deciding  upon  a  series  of  sections,  your  Committee  have  given 
consideration  to  the  manufacturing  details  of  rail  making,  while  seek- 
ing designs  whose  forms  would  be  best  adapted  to  meet  the  various 
requirements  of  traffic. 

To  have  a  smooth  track,  it  is  absolutely  necessary  that  the  surface 
and  line  of  the  rails  shall  be  without  lumps  and  kinks.  To  obtain 
such  rails  it  is  of  importance  that  the  metal  in  the  head  and  flange  of 
the  section  should  be  as  nearly  balanced  as  economy  will  permit, 
thereby  permitting  the  hot  metal  in  the  just-rolled  rail  to  cool  with  the 
least  internal  strain,  and  thus,  when  cold,  to  be  as  nearly  as  possible 
straight  in  all  directions,  thus  avoiding  excessive  "gagging"  in  the 
final  cold  straightening.  The  importance  of  this  increases  with  the 
amount  of  metal  in  the  section.  We  decided  upon  4£%  of  metal  for 
the  head,  21  "„  for  the  web  and  37",,  for  the  flange.  The  other  constant 
factors  are:  top  radius  of  head,  12  ins.;  top-corner  radius  of  head,  L\  in.; 
lower  cornel-  radius,  -,';,  in.;  corners  of' flange,  ,',.  in.;  side  radius  of 
web,  12  ins.;  top  and  bottom  radii  of  web,  Jin.;  angles  of  under  side  of 
bead  and  top  of  flange,  b5  . 

As  the  grain  or  " fineness  "  of  "hot-rolled"  steel  is  governed  by 
the  work  applied  to  it  as  its  heat   decreases,  and  as  we  are  convinced 
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that  the  wearing  qualities  of  rails  largely  depend  on  the  closeness  i  if 
the  grain  of  the  steel  in  their  heads,  we  have  sought  to  design  heads 
which,  so  far  as  permitted  by  the  other  proportions  of  the  sections,  will 
he  affected  to  the  greatest  extent  by  the  pressure  or  work  of  the  rolls. 

One  of  the  difficulties  in  rail  manufacture  is  obtaining  perfect 
flanges.  The  amount  of  metal  being  much  less  in  the  flange  edges 
than  elsewhere  in  the  section,  it  cools  more  rapidly;  hence,  if  the  flange 
is  both  wide  and  thin,  difficulty  will  be  experienced  in  making  it  till 
out  to  the  full  designed  width,  and  also  in  preventing  the  development 
of  flaws,  which,  if  detected,  will  condemn  the  rail  as  first  quality,  but 
which  may  be  so  concealed  as  to  escape  detection,  and  exist  as  a  con- 
stant menace  to  the  safety  of  the  rail.  These  considerations  influenced 
us  in  designing  our  flange  sections. 

At  the  meeting  of  the  Committee  which  was  held  in  the  Society's 
House  on  December  2d,  1892,  all  of  the  members  present  congratulated 
themselves  upon  the — to  them — satisfactory  progress  of  their  labors, 
and  separated,  little  thinking  that  before  another  meeting  of  the  Com- 
mittee could  be  held  the  hand  of  death  would  be  laid  upon  one  of  the 
members  of  the  Committee.  H.  Stanley  Goodwin  was  not  present  at 
that  meeting,  official  duties  preventing  at  the  last  moment;  but  he 
telegraphed  his  views,  and  later  wrote  the  Secretary  of  the  Committee 
endorsing  the  Committee's  proceedings.  To  know  Mr.  Goodwin  was 
to  respect  him  ;  to  be  thrown  intimately  with  him  was  to  yield  the 
warmer  tribute  of  friendship.  Your  Committee  unite  with  all  the  mem- 
bers of  the  American  Society  of  Civil  Engineers  in  deploring  the  loss 
of  so  valued  a  member,  and  one  who  was  so  useful  to  his  fellow  men. 

We  have  the  honor  to  remain, 

G.  Boxjscaken,  Chairman. 

FOSTEB  CrOWELL. 

Virgil  G.  Bogtje. 
S.  M.  Felton. 
J.  D.  Hawks. 

E.  T.  D.  Myers. 
Samuel  Kea. 
Thos.  Eodd. 

A.  M.  Wellington. 

F.  M.  Wilder. 

Robert  W.  Hunt,  Secretary. 
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I  concur  in  the  foregoing  report  in  all  respects  except  one,  the 
width  of  the  heads.  If  the  same  wheels  are  to  run  over  all  rails,  the 
portion  of  the  rail  which  comes  in  contact  with  the  wheel  should 
always  he  of  the  same  form.  Taking  the  80-lb.  rail  with  its  2^-in. 
head  as  standard,  the  same  width  of  head  should  be  maintained  for  all 
sections  likely  to  be  used.  The  slight  reduction  in  width  of  head 
proposed  for  the  60-lb.  and  intermediate  sections  is  comparatively 
unobjectionable,  and  I  consented  to  approve  the  whole  report  if  the 
same  rate  of  variation  had  been  maintained  for  the  larger  sections;  the 
variation  in  width  would  then  not  exceed  £  in.  or  ^  in.  from  the  mean. 
The  present  large  variation  of  £  in.  from  the  mean  to  the  maximum 
section  is  too  great,  and  I  cannot  accept  this  portion  of  the  report.  I 
present  the  sections  herewith  appended,  Plates  LXXVI  to  LXXIX. 

George  S.  Mokison. 


APPENDIX. 

Northern  Pacific  Railroad  Company, 

Chicago,  III.,  November  30th,  1892. 
I  have  forwarded  this  morning,  by  Adams  Express,  a  roll  contain- 
ing tracings  of  103  sections  of  66-lb.  rail  in  track  on  our  line  between 
Logan  and  Butte,  Mont.       I  also  enclose  a  report  on  this  matter  from 
E.  H.  McHenry,  Principal  Assistant  Engineer,  dated  November  15th. 

J.  "NY.  Kendrick:, 

Chip/  Engineer. 

Tacoma,  Wash.,  November  15th,  1892. 
J.  W.  Kendrick,  Esq., 

Chief  Engineer. 

Dear  Sir, — I  ssnd  you  herewith  tracings  of  103  rail  section's  taken 
Dii  t  lie  Lo'  .  to  Butte  Division  of  the  Northern  Pacific  Railroad.  It  is 
very  haru  to  deduce  any  general  conclusions  from  the  rail  sections  con- 
tained in  thesheets.  The  wear  seems  to  be  variable  without  appreciable 
cause,  t lie  rails  laid  on  light  curves  showing,  in  many  cases,  much 
greater  wear  than  those  on  sharper  curves,  and  vice  versa.  The  notes 
show  the  original  line  has  been  lost,  and  the  curves,  almost  without 
exception,  have  altered  radii  from  those  laid  out.  Mr.  Kelt'  lias  shown 
the  actual  radius  of  the  curve  at  the  point  where  the  section  is  taken. 
which  lias  probably  been  computed  from  the  ordinate.  Mr.  Rolf's 
note,  on  the  last  sheet  of  the  sections,  gives  the  ordinary  speed  of 
trains  at  from  10  to  15  miles  per  hour.  This  is  obviously  intended  for 
the  ascending  rate,  and  he   has  omitted   to  take   into  account    the  fact 
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that  the  rate  on  the  descent  is  very  much  greater.  I  think  the  correct 
method  is  to  put  up  the  curves  for  a  speed  very  little  in  excess  of  that 
used  by  the  ascending  trains,  and  to  hold  down  the  speed  on  descend- 
ing trains  by  strict  orders,  and,  by  proper  supervision,  to  see  that 
these  orders  are  carried  out.  Apparently,  the  effect  of  elevating  the 
outer  rail  too  much  would  be  in  the  direction  of  decreasing  train  re- 
sistance, as  the  centrifugal  force  would  not  then  overbalance  the  tend- 
ency for  the  flanges  to  seek  the  lower  rail,  due  to  the  effect  of  gravity. 
In  practice,  however,  I  am  convinced  that  this  does  not  occur,  and 
that  the  train  resistance  is  actually  increased.  The  car  floors  are  no 
longer  balanced,  and  an  unequal  proportion  of  the  weight  falls  on  the 
lower  trucks,  preventing  them  from  conforming  properly  to  the  curve. 
This  is  especially  noticeable  when  a  train  traverses  a  reversing  curve. 
The  trucks  must  then  swing  through  a  considerable  arc  in  changing 
from  the  radial  position  they  have  assumed  on  one  curve  to  a  radial 
position  on  the  opposing  curve;  and  as  this  shifting  is  done  under 
very  unfavorable  conditions,  the  Aveight  being  thrown  upon  one  side 
instead  of  balanced  at  the  center,  it  seems  to  cause  considerable 
extra  train  resistance.  Calculating  this  resistance  by  the  decrease 
in  train  speed,  in  one  case,  I  found  it  to  be  equivalent  to  an  addi- 
tional rise  of  1.1  ft.  in  the  length  of  the  two  curves.  By  a  revers- 
ing curve  I  do  not  mean,  of  course,  curves  without  a  reversing 
tangent,  but  curves  close  enough  together  so  that  the  train  will  be  on 
both  curves  at  the  same  time.  In  the  particular  case  in  point,  I  feel 
convinced  that  a  large  amount  of  the  rail  wear  is  owing  to  the  undue 
elevation  used. 

It  makes  it  still  more  difficult  to  generalize  from  the  sections  given, 
as  it  is  not  at  all  certain  that  the  indicated  rail  wear  is  due  to  the  exist- 
ing conditions,  as  the  causes  which  lead  to  the  excessive  wear  may 
have  disappeared  with  the  re-adjustment  of  track.  In  many  cases  the 
sections  show  an  apparent  wear  on  the  inner  face  of  the  low  rail.  In 
some  eases  this  is  palpably  wrong,  and  in  others  may  have  been  due 
to  a  deficient  original  section.  Where  the  characteristic  deformation  or 
change  of  section  exists  that  is  caused  by  the  metal  flowing  under  the 
wheel  tread,  it  is  certainly  wrong,  as  any  flange  wear,  if  it  existed, 
would  prevent  the  appearance  of  bulging  or  swelling,  which  is  especi- 
ally noticeable  in  sections  Nos.  44,  72,  78,  94  and  96.  In  section  34  it 
is  possible  that  insufficient  gauge  may  account  for  some  of  the 
apparent  wear  on  the  inner  face  of  the  low  rail.  As  you  will  note,  the 
gauge  at  this  point  is  4  ft.  8f  ins. — should  be  4  ft.  9-g  ins.  Insufficient 
gauge  will,  in  all  probability,  account  for  wear  of  this  character  in 
similar  sections  to  the  above  when  it  is  taken  into  account  that  the 
gauge  has  probably,  in  a  great  number  of  cases,  been  too  tight  when 
originally  laid,  although  the  gauge  does  not  now  show  it,  on  account 
of  the  track  spreading  and  also  the  great  amount  of  rail  wear. 
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It  is  my  belief,  derived  from  experience,  that  excessive  and  unusual 
rail  wear  occurring  locally  is  almost  invariably  due  to  insufficient 
gauge.  Variations  in  the  temper  of  the  steel  may  sometimes  cause 
the  same  effect  ;  but  rail  wear  due  to  this  cause  may  be  usually 
detected,  as  the  effect  upon  contiguous  rails  is  not  uniform. 

While  the  results  obtained  have  not  been  conclusive,  or  very  satis- 
factory in  many  respects,  I  think  it  may  be  definitely  stated  that 
nothing  has  been  found  to  cause  any  change  of  opinion  regarding  the 
propriety  of  using  the  sharp-cornered  rails;  in  fact  it  is  obvious  from 
the  sections  that  if  the  corners  had  been  larger  in  the  beginning,  the 
rate  of  rail  wear  would  have  been  accelerated,  which  is  shown  to  some 
degree  in  the  sections  on  the  last  sheet. 

I  note  Mr.  Hunt  asks  for  information  in  regard  to  sharp  wheel 
flanges,  and  particularly  whether  such  flanges  have  been  found  on  both 
wheels  on  the  same  axle.  I  feel  that  I  am  able  to  shed  some  light  on 
this  subject,  and  I  do  not  remember  ever  having  seen  it  noted  in  any 
of  the  various  discussions  regarding  the  proper  rail  section.  I  wish 
to  assert  my  belief  that  a  large  pai*t  of  the  excessive  wear  observed  on 
both  wheels  and  rails  on  new  track  is  due  to  the  chisel  action  of  the 
sharp-cornered  rail  at  the  joint  cutting  the  flanges  of  the  wheels,  and 
scoring  them  in  such  a  manner  that  their  reaction  upon  the  rail  is  in 
turn  equally  destructive.  In  support  of  this  I  will  point  out  the 
results  obtained  during  the  construction  of  some  of  our  new  lines. 
You  will  remember  that  at  the  time  the  Butte  line  was  constructed 
we  were  much  annoyed  by  the  extraordinary  flange  wear  on  the  engine 
drivers.  The  wear  was  abnormal  and  occurred  on  both  wheels  on 
the  same  axle  alike.  The  principal  wear  was  on  the  forward  and  rear 
driving  wheels,  the  intermediate  wheels,  even  if  flanged,  showing  but 
very  little  wear.  This  might  be  expected,  as  the  flanges  on  the  inter- 
mediate wheels  would  rarely  come  in  contact  with  the  rail. 

This  phenomenon  bothered  me  greatly,  and  I  made  a  large  number 
of  examinations  with  a  view  to  determining  the  cause.  During  several 
track  inspections  I  noted  that  the  amount  of  new  filings  or  chips  of 
metal  along  the  track  were  especially  noticeable,  indicating  that  the 
wear  of  the  flanges  and  rails  was  excessive.  This  line  of  worn  metal 
was  continuous  along  the  outside  rail  of  every  curve.  The  amount  of 
filings  was  increased  at  the  joint,  some  joints  showing  much  more 
wear  than  others.  It  was  noticeable  that  the  filings  increased  in 
amount  wherever  the  alignment  between  the  ends  of  the  adjacent  rails 
was  not  perfect.  Also,  that  where  the  expansion  was  insufficient,  in 
addition  to  the  alignment  not  being  perfect,  that  the  amount  was 
increased.  Where  the  expansion  was  too  great,  even  a  considerable 
offset  did  not  produce  similar  results,  as  in  the  other  cases.  An 
inspection  of  the  engine  drivers  showed  that  they  were  not  worn 
Smooth  and  bright  as  in  ordinary  practice,  but  were'extreinely  cough, 
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being  scored  or  cut  in  very  perceptible  curves.  The  shape  ot  these 
curves  was  that  of  a  modified  cycloid,  showing  the  characteristic  loop 
at  the  beginning  of  the  reverse  curve.  This  led  to  the  conclusion  that 
the  extraordinary  rate  of  wear  was  unquestionably  due  to  the  effect  of 
the  sharp  corner  at  the  end  of  the  rail,  which  acted  precisely  as  a 
sharp  cutting  tool  in  every  case  where  there  was  not  a  perfect  align- 
ment. This  perfect  alignment  it  is  practically  impossible  to  secure 
in  curving  rails  for  very  sharp  curves,  for  obvious  reasons.  Acting 
upon  this  theory,  I  predicted  that  the  excessive  wear  would  disappear 
in  time  and  become  no  longer  noticeable,  which  has  since  proven  true, 
and  my  theory  has  been  demonstrated  to  be  correct  in  a  number  of 
other  cases. 

While  this  wear  went  on  in  the  same  manner  in  the  case  of  rails  laid 
on  the  main  line  it  was  not  so  noticeable,  as  the  number  of  wheels  that 
passed  over  the  ground  was  very  much  greater,  and  the  percentage  of 
mileage  run  over  the  new  steel  was  an  insignificant  proportion  of  the 
whole.  In  the  case  of  our  construction  engines  on  the  track  laid 
entirely  with  new  steel  the  result  was  different,  as  the  mileage  run 
was  entirely  upon  new  steel.  The  wear  of  the  flanges  due  to  this  cause 
was  not  confined  to  the  wheels  alone;  the  engine  flanges,  being  roughly 
scored,  in  turn  wore  the  rails,  and  there  was  consequently,  first,  the 
action  of  the  rail  ends  on  the  engine  flanges,  and  second,  the  reaction 
of  the  roughened  flanges  against  the  rail  throughout  its  length  between 
the  joints.  Yours  truly, 

E.  H.  McHenky, 
Principal  Assistant  Engineer. 


Pennsylvania  Lines  West  or  Pittsburgh, 

Pittsburgh,  Pa.,  November  3d,  1892. 

In  answer  to  your  inquiry,  I  have  no  personal  experience  with  rails 
with  sharp  top  corners  to  their  heads.  The  Pennsylvania  Railroad  pat- 
tern, as  is  well  known,  has  large  top-corner  radius. 

My  personal  opinion  is  that  a  sharper  top-corner  radius  than  we  use 
is  desirable.  I  have  not  expressed  this,  so  far  as  I  can  recollect,  in 
reply  to  the  questions  of  the  former  committee,  of  which  I  was  a  mem- 
ber, but  I  have  expressed  it  in  other  ways  when  this  subject  has  come 
up,  both  in  my  official  capacity  and  as  a  member  of  the  Society. 

Yours  truly, 

Thomas  Eodd, 

Chief  Engineer. 

The  section  shown  in  Fig.  1,  Plate  I,  is  the  new  yiattern  used  by  the  Northern  Pacifio 
and  the  Chicago,  Burlington  and  Quincy  lines. 
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Pittsburgh,  Pa.,  September  13th,  1892. 
Iu  response  to  your  communication  of  September  1st,  1892,  I  beg  to 
refer  you  to  Vol.   21,   pages   154  and  247,  of  the   Transactions   of  the 
Society  for  my  sentiments  on  the  question  under  consideration  by  your 
committee,  from  which  I  have  no  reason  to  deviate  at  this  time. 

You  know  the  rail  sections  in  use  on  our  lines  in  1889,  -when  I  gave 
expression  of  my  views  in  the  contributions  to  the  discussions  above 
referred  to  ;  and  you  know  also  the  changes  made  in  the  sections  since 
that  time.  I  almost  feel  that  you  will  agree  with  me  that  our  progress 
towards  the  "ideal  "  is  rather  slow. 

Very  sincerely  yours, 

M.  J.   Becker. 

Burlington  &  Missouri  Railroad  in  Neb., 

C,  B.   &  Q.  System, 
Lincoln,  Neb.  ,  September  23d,  1892. 

Answering  your  circular-letter  of  the  1st.  We  laid  about  100  miles 
of  this  sharp-cornered  rail  on  our  Deadwood  line,  where  curvature 
runs  up  as  high  as  16 ?.  We  found  that  the  sharp  corner  of  this  steel. 
both  on  curves  and  on  straight  lines,  wore  off  and  assumed  a  shape 
with  a  large  radius  and  flaring  side,  conforming  somewhat  to  the  shape 
of  the  flange  of  the  wheel.  We  found  that  after  the  rail  was  worn, 
which  had  been  in  the  track  now  a  little  over  two  years,  that  we  could 
increase  our  train  load  by  about  one-seventh.  We  also  found  that  wear 
on  our  car  wheels  was  very  materially  diminished  after  the  rail  was 
worn  to  the  shape  above  described. 

We  have  a  good  many  miles  of  this  same  sharp-cornered  rail  on 
other  lines  where  grades  are  vei-y  light  and  curvature  very  slight,  but 
have  not  yet  been  able  to  see  the  ill  effects  of  the  sharp  corners  and 
straight  sides;  but  the  test  on  the  Deadwood  line  is  conclusive  that  the 
section  is  wrong  entirely  (Fig.  1,  Plate  LXXI). 

Yours  truly. 
I.   S.  P.  Weeks. 

Norfolk  and  AVestern  Railroad  Co., 

Roanoke,  Va.,  October  12th.  L892. 

In  answer  to  your  first  question  I  beg  to  advise  that  on  this  road  we 
have  not  had  very  direct  experience  in  the  use  of  rails  having  what  is 
now  designated  sharp  top  corners  to  their  heads.  The  sections  of 
rails  used  on  this  road  prior  to  June  of  this  year  have  had  the  radius 
of  the  head  and  the  top  corners  of  head  of  such  dimensions  as  may  lie 
best  classified  as  medium.  The  standard  rati  section  tor  the  main  line 
and  extensions  of  this  road,  from  L886  until  June,  L892,  lias  been 
Pennsylvania  Steel  Company's  Section  No.  2,  or  corresponding  sections 
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of  other  mills.  (All  these  sections  are  shown  in  Figs.  2,  3  and  4, 
Plate  LXXI. )  The  radius  of  top  of  heads  in  these  rails  is  either  10  or 
11  ins.,  and  the  top  corner  radii  are  either  £-£■  or  J£  in.  This  67-lb. 
rail  was  put  in  our  main  Hue  between  the  years  1886  and  1892,  displac- 
ing 60-lb.  rail  and  56-lb.  rail,  which  rail  has  been  transferred  for  use  on 
sidiugs,  short  branches,  etc.  Figs.  5  to  12,  inclusive,  Plates  LXXI  and 
LXXII,  show  the  various  sections  of  rail  in  use  on  the  main  line  of  this 
road  prior  to  its  displacement  by  the  67-11).  rail.  You  will  note  the 
radius  of  top  of  the  head  is  generally  either  10  or  13  ins.,  and  that  the 
upper  corner  radii  of  the  head  are  y,;  in.,  the  same  as  in  the  67-lb.  rail. 
Our  experience  on  this  road,  where  we  have  on  the  main  line  from 
Norfolk  to  Bristol  numerous  curves  varying  from  4  to  8  ,  and  where 
we  have  on  other  divisions  of  the  road  some  curves  as  high  as  12 ?,  has 
been  that  rails  of  the  forms  shown  have  been  cut  quite  badly  on  these 
curves  by  the  wheel  flanges.  From  a  very  careful  study  into  this 
matter  by  our  officials  early  this  year  we  came  to  the  conclusion  that 
any  new  section  for  a  heavy  rail  should  have  vertical  sides  and  a 
sharper  top  corner  radius.  Further,  that  the  width  of  the  head  should 
be  somewhat  wider  in  proportion  than  that  of  the  67-lb.  rail  heretofore 
used.  In  June,  1892,  it  was  decided  to  use  on  those  portions  of  our  main 
line  subject  to  the  heaviest  traffic  85-lb.  rail,  and  the  section  shown  in 
Fig.  13,  Plate  LXXII,  was  adopted  by  us  as  standard.  This  is  the  section 
previously  adopted  by  the  Baltimore  and  Ohio  Railroad.  You  will  note 
that  this  section  has  a  top  radius  of  head  of  12  ins.,  and  radius  of  top 
corners  of  |  in.,  and  has  vertical  sides.  This  section,  therefore,  repre- 
sents the  views  of  the  officials  of  this  road  as  to  the  best  form  of  rail 
to  withstand  the  wear  to  which  it  is  subjected.  We  think  the  sharp 
top-corner  radius  and  the  vertical  sides  postpone  to  a  comparatively 
late  day  the  subjection  of  the  rail  to  the  grinding  wear  of  the  flanges 
of  wheels  on  the  outer  rail  of  curves  ;  or  wear  at  any  other  point  where 
from  the  inecpialities  of  the  wheels  or  irregularities  in  the  construc- 
tion of  the  trucks  the  flanges  of  the  wheels  have  a  tendency  to  bear 
hard  against  the  sides  of  the  rails. 

I  have  only  to  add  to  this  that  in  the  case  where  a  rail  on  the  out- 
side of  a  curve  has  been  worn  down  on  the  side,  so  that  the  section  cor- 
responds practically  with  the  flange  of  the  wheels,  then  the  wear,  both 
on  the  rail  and  on  the  wheel,  produced  by  the  grinding  action  of  the 
wheel  must  be  extremely  rapid.  This  is  certainly  an  argument  for 
rails  with  comparatively  short  top  corners  and  for  rails  having  vertical 

sides. 

I  trust  the  above  answers  give  you  the  necessary  information. 
Yours  truly, 

Chas.  S.  Churchill, 

Engineer  Maintenance  of  Way. 
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Michigan  Central  Railroad  Company, 

Deteoit,  Mich.,  September  15,  1892. 

The  Michigan  Central,  with  which  I  am  connected,  has  during 
the  last  four  years  laid  40  000  tons  of  80-lb.  rail  with  the  }-in.  top- 
corner  radius  (Fig.  14,  Plate  LXXII).  It  is  giving  perfect  satisfaction 
as  far  as  the  corner  radius  is  concerned,  and  I  see  no  reason  why  the 
top-corner  radius  should  be  any  larger  than  £  in.  I  have  put  down  a 
few  experimental  rails  having  perfectly  square  top  corners  and  Hat 
tops,  and  find  that  carrying  out  the  idea  to  such  an  excess  will  show  no 
bad  results.  Yours  truly, 

J.  D.  Hawks, 
Chief  Engineer. 

Boston  and  Maine  Raileoad, 

Boston,  Mass.,  November  7th,  1892. 

The  75-lb.  steel  rail  (Fig.  15,  Plate  LXXII)  we  are  now  laying  has 
what  you  would  call  "sharp  top-corners." 

Of  course  our  engines,  having  previously  run  on  round-top  rails, 
have  drivers  more  or  less  worn,  and  the  new  rails  wear  more  on  the 
outside  than  on  the  center  :  there  will  always  be  a  tendency  that  way. 
but,  taking  everything  into  account,  I  think  the  flat-top,  sharp-cornered 
rail  is  the  best.  One  of  the  principal  reasons  for  their  use  is  that  we 
shall  have  less  hollow  drivers.  Yours  truly, 

H.   Bissell, 
Chief  Engineer* 

New  Yobk,    Lake  Ebie  and  Westeen  Raileoad  Company, 

New  Y'obk,  September  13th.  1892. 

Below  please  find  my  answer  to  the  question  asked  in  your  circular 
of  the  1st  inst.  about  steel  rail  sections. 

My  experience  with  such  rails  as  are  referred  to  has  extended  over 
a  period  of  three  years,  and  has  been  entirely  satisfactory.  The  radius 
used  in  the  corner  of  the  heads  of  these  rails  is  \  in.  (Fig.  1(>, 
Plate  LXXII). 

I  have  put  down  about  40  000  tons  and  have  heard  no  complaint 
about  sharp  wheel  flanges.  Respectfully  yours, 

Chas.  W.  BrcHHOLz, 
Civil  Engineer. 

The  Dru'Tii  and  Ieon  Range  Railboad  Company, 

Duluth,  Minn.,  September  19th,  L892. 

The  opinion  has  been  with  me  one  of  gradual  growth,  from  the 

beveled  to  the  straight  (vertical)  sides  of  the  ball,  from  the  j'-iu.  radius 
at  top  corner   in   a  56  to60-lb.  rail  to  the  S -in.  radius  in  the  80-lb.  rail 
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we  are  now  using  in  renewals  (Fig.  14,  Plate  LXXII).     Of  these  latter 
we  have  pnt  down  about  4  500  tons,  Michigan  Central  pattern. 

From  the  information  at  hand  a  noticeable  decrease  of  sharp  flanges 
in  our  ear- wheels  can  be  attested,  and  corroborative  testimony  is  found 
in  the  condition  of  the  rail  heads  on  the  gauge  side;  dull,  almost  rusty  in 
the  80-lb.  rail;  bright,  silvery  on  the  corner  and  side  of  the  60-lb.  rail 
with  the  large  radius  of  the  corner.  Just  what  proportion  of  this  may 
be  due  to  the  increased  resistance  offered  by  the  wider,  flatter  head  of 
the  80-lb.  rail  to  the  lateral  variations  in  the  path  of  the  wheels  I  am 
not  able  to  indicate;  but  there  is  less  nosing  of  individual  cars  on  the 
80-llt.  than  on  the  60-lb.  rail;  and  I  am  of  opinion  that  there  is  also 
a  perceptible  difference  between  rails  of  equal  weights  (60-lb.)  in  favor 
of  the  straighter  side  and  small  top-corner  radius. 

You  are  aware  that  our  business  is  that  of  hauling  iron  ore  between 
Ely  and  Two  Harbors;  the  alignment  consists  of  80,%"  tangents  and  20.%" 
curvatures  (6°  max.  curves);  the  equipment  consists  of  consolidated 
engines  104000  lbs.  on  14-ft.  wheel  base;  ore  cars  24^  ft.  center  to  center 
of  couplings;  average  weight  loaded,  75  000  to  76  000  lbs.,  all  provided 
with  Westinghouse  automatic  brakes. 

Nosing  is  a  local  term,  and  describes  the  path  of  the  individual  ore 
cars  relative  to  the  left  and  right  rails  in  a  zigzagging  course.  It 
obtains,  no  matter  how  perfect  the  track  may  be,  and  is  due  largely  to 
the  position  of  the  load  between  the  trucks  in  a  concentrated  form,  and 
is  a  very  destructive  agency  to  track  and  bridges. 

Yours  truly, 

K.  Atjgst, 
Chief  Engineer. 

Long  Island  Railroad  Company, 
Long  Island  City,  N.  Y.,  September  19th,  1892. 
Deak  Sik, — In  reply  to  yours  of  the  1st  inst  I  beg  to  state  that  my 
experience  with  rails  has  been  almost  entirely  with  the  P.  R.  E.  and 
the  P.  k  R.  R.  R.  standard  forms,  and  from  this  experience  of  13  years 
I  have  been  induced  to  adopt  as  a  standard  for  this  railroad  a  rail 
having  12-in.  radius  for  top  of  head,  with  radius  of  top  corners  of  \  in. 
I  have  laid  this  spring  on  this  railroad  5  000  tons  of  the  above-men- 
tioned sharp  top-cornered  rails. 

Yours  truly, 

P.  D.  Ford, 

Chief  Engineer. 

Chicago,  Rock  Island  and  Pacific  Railway  Company, 

Davenport,  September  13th,  1892. 

Dear  Sir, — In  reply  to  yours  of  the  1st  on  the  subject  of  rail  sec- 
tions. I  would  say:  This  company  has  not  gone  into  the  rail  question 
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scientifically.  Some  years  ago  we  adopted  the  Lehigh  Valley  (Good- 
win) pattern  of  70-lb.  rail,  and  can  only  say  that  it  is  doing  good  ser- 
vice. Whether  another  shape  of  rail  would  have  done  better  service,  I 
do  not  know.  Yours  truly. 

A.   Kimball, 

Assistant  to  President. 


Atchison,  Topeka  and  Santa  Fe  Railroad  Company. 
Topeka,  Kans.,  October  3d,  1892. 

Deak  Sir, — I  have  never  had  any  exjjerience  with  rails  of  this  class 
(with  sharp  top-corners).  I  hand  you  herewith  a  print  (Fig.  17.  Plate 
LXXIII)  showing  the  general  form  of  all  sections  which  are  now  in  use 
on  the  Santa  Fe  line,  from  which  you  will  see  that  all  have  ;  in.  radius 
of  corner.  Our  66-lb.  section  has  been  in  use  about  a  year  and  a 
half  and  has  so  far  given  very  good  results. 

Yours  truly, 

James  Din, 

Chief  Engineer. 


Grand   Teunk   Railway   of   Canada, 
Montreal,  October  11th,  1892. 

I  may  say  that,  generally,  for  many  years  we  have  adopted  a  series 
of  "Holley"  patterns  of  which  a  section  is  shown  in  Fig.  18,  Plate 
LXXIII,  and  that  our  experience  is  satisfactory. 

Yours  truly, 

E.  P.  Hannafokd. 

Chief  Engineer. 


Colorado  Midland  Railway  Company. 
Colorado  Springs,  Colo.,  September  27th.  L892. 

I  am  inclined  to  favor  very  strongly  the  use  of  a  rail,  shaped  approx- 
imately like  the  standard  D.  and  R.  Gr.  rail,  a  section  of  which  I  scud 
you  (Fig.  19,  Plate  LXXIII),  as  there  can  lie  no  question  the  rail  will 
stand  much  longer  wear  on  a  curve  than  the  Colorado  Midland  65-lb. 
rail  (Fig.  20),  before  it  would  assume  the  shape  of  a  worn  piece  of  the 
C.  M.  rail. 

The  web  of  the  D.  and  1!.  (1.  rail,  which  is  J,,  in.  thick,  seems  Lighl 
for  a  65-11).  rail,  but  a  two-year  test  in  the  track  would  indicate  that 
it  is  strong  enough  to  endure  the  straiu  to  which  it  is  exposed. 

Yours  very  truly, 

B.  H.  Bryant, 

Chief  Engineer. 
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New  York  Central  and  Hudson  River  Railroad  Company, 
New  York,  October  4th,  1S92. 
With  regard  to  the  use  of  sharp  top-corner  rails  on  this  road  I 
would  say  that  with  the  close  of  the  present  season  there  will  be  very 
nearly  100  000  tons  of  rails  of  80-lbs.  weight  per  lineal  yard  hud  in  the 
main  passenger  tracks  of  this  road,  between  New  York  and  Buffalo;  part 
of  which  is  what  we  term  "  old  model"  80-lb.  rail,  which  has  a  height 
of  5  ins.,  radius  of  top,  12  ins.;  and  radius  of  top  corners,  -/'u  in- 
Since  the  first  of  this  year  this  model  has  been  slight' y  revised.  The 
new  model  80-lb.  rail  has  a  height  of  5|  ins.,  top  radius  of  14  ins. 
and  corner  radii  of  J-  in.  Last  spring  we  relaid  track  No.  1  at 
West  Albany  with  the  old  model  80-lb.  rail.  Some  two  months 
ago  track  No.  2,  at  the  same  point,  was  laid  with  the  new  model 
rail.  A  late  examination  of  these  rails  shows  that  at  the  present 
time  they  are  wearing  excellently  well,  seem  to  fit  the  template 
of  the  wheel  perfectly,  and  to  fit  over  the  entire  head  of  the  rail, 
but,  if  anything,  better  on  the  new  model  rail  with  the  i-in.  corners 
and  flat  top  than  on  the  old  model.  Mr.  P.  H.  Dudley  has  kindly 
furnished  me  with  the  results  of  his  late  examinations  on  some  other 
roads;  and  as  the  information  is,  I  think,  valuable,  and  may  not  pos- 
sibly reach  you  in  any  other  way,  I  will  herein  give  you  a  brief  note 
of  the  same:  The  B.  and  A.  R.  R,  has  laid  17  000  tons  of  95-lb.  rail, 
with  a  head  3  ins.  in  width,  14  ins.  top  radius,  and  -^  in.  corner  radii. 
These  rails  on  curves  of  4  and  4£-',  and  on  gradients  of  52  to  85  ft. 
per  mile,  after  15  months  service,  show  a  wheel  flange  contact  on  their 
inner  sides  of  from  f  to  £  in.  in  depth,  which  is  reported  as  being  less 
than  one-half  the  similar  wear  on  72-lb.  rail  with  '2\  in.  width  of  head 
and  ||  in.  corner  radii — both  weights  of  rail  having  about  the  same 
angle  of  side  inclination.  On  the  95-lb.  rail  it  was  observed  that  there 
was  very  little  flow  of  metal  on  the  inside  of  the  lower  rails  on  curves. 
The  R.  W.  and  O.  Div.  of  this  road  last  year  laid  11  000  tons  of 
70-lb.  rail  with  j-in.  corner  radii.  These  rails  are  reported  as  wearing- 
very  well.  The  A.  and  St.  L.  R.  R.  has  laid  24  000  tons  of  75-lb.  rail, 
and  2  000  tons  of  60-lb.  rail,  all  with  £-in.  corner  radii.  The  Central 
Railroad  of  Vermont  has  laid  2  700  tons  of  75-lb.  rail  of  the  same 
model  as  the  preceding.  The  Buffalo,  Rochester  and  Pittsburgh  has 
laid  3  000  tons  of  our  new  model  80-lb.  rail.  The  N.  Y.  and  N.  E. 
R.  R.  has  laid  10  000  tons  of  rail  with  corner  radii  of  -f6  in.  From 
general  observation  on  many  lines,  Mr.  Dudley  states  to  me  that  he 
has  arrived  at  the  conclusion  that  ,%  in.  seems  to  be  the  best  radius  of 
heads  of  2j  to  3  ins.  width,  and  ^-in.  radius  for  heads  under  2j  ins. 
width.  He  also  states  that  under  certain  conditions  there  will  always 
be,  to  some  extent,  "flow  "  on  the  inner  edges,  but  that  it  is  of  much 
less  serious  amount  than  that  resulting  from  larger  corner  radii,  which 
seems  to  permit  a  flow  of  metal  from  the  top  of  the  head  to  the  corners 
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under  the  very  heavy  service  of   modern  locomotives  and  "30-ton" 
•car-loads.  Yours  truly, 

Walter  Katte, 

Chief  Engineer. 


Louisville  and  Nashville  Railroad  Company. 

September  21st,  1892. 

The  Louisville  and  Nashville  Railroad  Company  received  and  laid 
during  the  calendar  year  1890,  10  388  tons  of  70-lb.  rails  ;  during  1891, 
11  345  tons  of  the  same  section  ;  and  will  lay  during  the  present  cal- 
endar year  12  000  tons,  most  of  which  has  already  been  placed  in  track; 
making  a  total  of  33  733  tons. 

The  ball  of  this  rail  (Fig.  21,  Plate  LXXIII)  has  a  12-in.  top  radius, 
with  top  corners  |-in.  radius,  and  vertical  sides. 

The  rails  laid  in  1890  did  not  show  satisfactory  results,  which  was 
partially  due  to  excessive  wear  of  the  corners,  on  account  of  the  wheels 
being  grooved  for  the  old  narrower  headed  rails,  thus  causing  excessive 
weight  on  the  outer  edges  of  the  ball  of  the  new  rails;  and  partially  due 
to  defective  material  in  the  rails,  which  showed  extraordinary  softness 
in  spite  of  the  fact  that  the  carbon  averaged  over  ^-p-  of  1  per  cent. 

The  70-lb.  rails  received  in  1891  and  1892  have  given  much  better 
results,  doubtless  due  to  the  fact  that  the  grooves  in  the  wheels  have 
gradually  worn  to  fit  the  new  rail  section,  and  also  to  the  better  quality 
of  material  in  the  rails. 

I  anticipate  no  further  trouble  on  the  score  of  the  change  in  section. 

Our  Superintendent  of  Machinery  has  watched  closely  the  effect  of  the 
sharp  corners  of  the  new  rails  on  wheel  flanges.  At  first  he  was  of  opinion 
that  these  sharp  corners  had  a  marked  effect  on  the  leading  wheels  of 
locomotives,  and  he  reported  sharp  flanges  on  both  wheels  of  the  lead- 
ing axle  in  the  engine  trucks,  but  seldom  found  a  like  condition  of  affairs 
to  exist  on  the  flanges  of  wheels  of  car  trucks.  More  recent  observa- 
tions have  led  to  the  conclusion  that  the  sharp  flanges  caused  by  the 
£-in.  radius  of  top  corner  of  ball  of  rail  is  not  of  serious  moment. 

I  feel  satisfied  that  when  a  similar  section  is  generally  adopted  all 
objections  to  it  will  disappear,  and  better  results  will  be  obtained  than 
could  be  had  from  the  old  section  with  larger  top-corner  radius. 

Yours  truly, 

R.    MONTFORT, 

Chief  Engineer. 
Note. — The  following  communication  was  received  from  Mr.  Mont- 
fort  at  a  subsequent  date. 

Louisville  and  Nashville  Railroad  Co. 
Dear  Sir, — I  hand  you  herewith  a  map  and  profile  of  Baker's  Hill 
Grade  on  the  Henderson  Division  of  the  Louisville  and  Nashville  Rail- 
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road  (Plate  LXXV),  which  was  laid  with  our  70-lb.  section  of  rail  (Fig. 
24,  Plate  LXXIV)  during  the  years  1890-92. 

You  will  notice  that  the  grade  is  very  steep — 4%,  or  211  ft.  per 
mile.  It  extends  for  about  8  000  ft.  The  alignment  of  track  is  also 
very  crooked  ;  11°  20'  curves  reversing  into  12    curves. 

There  are,  I  believe,  few  such  grades  operated  with  ordinary  loco- 
motives. At  Baker's  Grade  two  consolidation  engines  are  in  constant 
service,  helping  trains  up  and  down  the  hill. 

I  am  informed  by  our  Mechanical  Department  that  they  have  been 
unable  to  detect  that  the  wear  on  flanges  of  wheels  has  increased  ap- 
preciably since  the  round-cornered  58|-lb.  (Fig.  25,  Plate  LXXIV)  and 
68-lb.  rails  were  replaced  by  the  sharp-cornered  70-lb.  rails.  This  would 
seem  to  show  conclusively  that  the  sharp  corner  is  not  detrimental  to 
the  flanges  of  locomotive  wheels. 

Very  sincerely  yours, 

R.    MONTFORT, 

Chief  Engineer, 


Buffalo,  Bochester  and  Pittsburgh  Railway  Company, 

Rochester,  N.  Y.,  September  24th,  1892. 

We  have  been  using  sharp  top-cornered  steel  rails  on  our  road,  and 
have  laid  some  5  000  tons  of  them  ;  we  find  that  they  are  a  great  im- 
provement over  the  old  and  round- cornered  sections.  The  radius  of 
our  70db.  rail  is  f-^  in.,  and  of  our  80- lb.  rail,  J  in. 

Truly  yours, 

William  E.  Hoyt, 

Chief  Engineer. 


Boston  and  Albany  Bailroad  Company, 

Springfield,  September  12th,  1892. 

In  answer  to  yours  of  September  1st,  I  will  say  that  our  72-lb.  rail, 
of  which  we  have  some  150  miles,  has  a  radius  -j^-in.,  and  has  given 
good  service.  Yours  truly, 

W.  H.  Russell. 


Fall  Brook  Bailway  Company, 

Corning,  N.  Y.,  September  12th,  1892. 
This  company  has  not  used  rail  sections  with  sharp  top  corners 
to  their  heads  until  this  year,  having  previously  used  the  76-lb. 
standard  L.  V.  B.  R.  section  with  f-in.  radius  for  top  corners.  This 
section  has  not  given  entire  satisfaction,  owing  principally  to  its 
poor  lasting  qualities,  particularly  on  curves  ;  the  outside  rail  wearing 
away  very  much  on  the  gauge  side  and  the  inside  rail  wearing  un- 
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equally  in  spots  along  its  top,  giving  it  a  wavy  appearance  and  causing 
low  spots  along  the  length  of  the  rails  as  well  as  at  the  joints.  We 
came  to  the  conclusion  that  the  softness  of  the  head  of  this  section  was 
owing  principally  to  its  large  percentage  of  metal,  and  therefore  in 
January  of  this  year  adopted  a  75-lb.  rail  section  (Fig.  22,  Plate 
LXXIII),  which  was  designed  almost  exactly  after  the  standard  adopted 
by  the  American  Society  of  Civil  Engineers.  We  have  laid  this  year 
about  2  000  tons  of  this  75-lb.  section,  but  it  has  been  in  the  track  too 
short  a  time  for  observations  to  be  of  value. 

Yours  truly. 

S.   T.   Hoyt,  Jr., 

Engineer  F.  B.  Ry.  Co. 


Manitoba  and  North  Western  Batlway  Company,  of  Canada, 
Portage  la  Prairie,  Man.  ,  September  29th,  1892. 

In  reply  to  your  circular-letter  of  1st  inst. ,  I  beg  to  say  that  my  ex- 
perience with  steel  l'ails  has  been  entirely  with  those  with  top  corners 
having  a  radius  of  \  in.  I  inclose  a  blue  print  of  the  section  in 
use  on  this  road,  of  which  we  have  232  miles  laid  in  track,  equal  to 
20  416  tons. 

I  have  had  immediate  charge  of  track  during  the  past  18  years 
laid  with  rails  of  this  section,  and  find  when  properly  made  and  track 
kept  in  good  order  that  they  have  given  every  satisfaction,  both  as 
regards  wear  of  rail  and  of  wheel  flange. 

I  have  no  reason  to  recommend  a  change  from  our  section  for  a 
56-lb.  rail.  Yours  truly, 

George  H.  Webster, 

Engineer)'. 


Flint  and  Pere  Marquette  Eailroad, 

Saginaw,  Mich.  ,  September  15th,  1892. 
Our  standard  rail  which  gives  much  satisfaction  has  a  radius  of  ,',, 
in.  at  the  upper  corner,  y\-  in.  at  the  lower  corner,  and  is  \  in.  wider  at 
the  lower  than  at  the  top  corner  of  the  head  ;  the  radius  of  the  top  is 
14  ins.  and  this  Ave  find  wears  very  much  as  rolled;  we  have  some  13  500 
tons  of  this  67-lb.  rail.  Very  truly  yours, 

George  M.  Brown. 


Florida  Central  and  Peninsular  Eailroad  Company, 

Jacksonville,  Fla.,  September  15th,  1892. 
Of  all  that  we  have  tried  I  like  our  standard  best  58-lb.  rail,  top- 
corner  radius,  -,7„-  in. 

My  idea  of  a  perfect  rail  has  always  been  that  they  should  be  rolled 
fights  and  lefts,  the  outside  top  corner  rounded  only  enough  to  take 
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off  the  sharp  corner,  the  inside  top-corner  radius  to  be  from  ^  to  ^  in., 
and  inside  of  head  to  be  ^  in.  out  of  vertical,  the  fullness  being  at  the 
bottom  of  the  rail.  Yours  truly, 

Blair  Bukwell,  Jr., 

Chief  Engineer. 


The  New  Yokk,  Chicago  and  St.  Louis  Bailboad  Company. 

Cleveland,  O.,  September  16th,  1892. 

We  have  been  using  for  the  last  three  years  a  65-lb.  rail,  radius  of 
top,  12  ins.;  radius  of  top  corner,  yV  in.;  angle  of  side  of  head,  4°; 
radius  of  bottom  corner  of  head,  yV  in-  \  height  of  rail,  4^  ins. ;  width 
of  base,  4£  ins. ;  width  of  head,  2-^  ins. 

So  far  this  section  has  given  better  satisfaction  than  any  we  have 
used. 

We  have  in  track  at  present  5  100  tons  of  the  65-lb.  rail  with  section 
as  given  above.  Yours  truly, 

G.  W.  Vaughn, 

Division  Engineer. 


EVANSVILLE   AND    TeKKE    HAUTE   BAILBOAD    COMPANY, 

Evansvtlle,  Ind.  ,  September  14th,  1892. 

The  rail  we  have  used  on  both  the  Peoria,  Decatur  and  Evansville 
and  Evansville  and  Terre  Haute  roads  since  I  have  been  connected 
with  the  system  has  for  its  surface  radius  15  ins.  and  for  the  top 
corners  yV  in. ,  the  lower  corner  -^  in.  with  an  angle  of  7°  perpendi- 
cular deflection  from  the  lower  corner  to  the  top  corner. 

This  form  has  given  me  the  best  satisfaction  and  I  believe  for 
general  use  is  near  to  what  the  standard  should  be.  I  am  not  in  favor 
of  extreme  sharp  corners  nor  perpendicular  sides  on  the  ball  of  the 
rail,  from  the  fact  that  the  fillet  and  shape  of  flanges  in  engine  drivers 
or  car  wheels  must  eventually  cut  away  the  top  part  and  wear  the  top 
corner  of  the  rail  down  to  a  radius  of  at  least  y\  in.  This  being  true, 
I  do  not  believe  there  would  be  anything  gained  in  making  rails  with 
corners  having  a  smaller  radius  than  ^  in.  and  a  deflection  of  at  least 
4°  perpendicular. 

It  is  very  desirable,  of  course,  to  secure  as  much  rail  surface  as  is 
possible,  and  while  the  rail  is  new  a  flat  top  will  give  what  is  desired, 
but  it  would  certainly  be  depreciated  very  soon,  as  no  wheel  can  be 
made  without  having  sufficient  fillet  to  insure  its  strength,  for  if  the 
fillet  was  entirely  taken  out  you  would  be  continually  having  broken 
flanges.  Yours  truly, 

T.  A.  Allen, 

Chief  Engineer. 
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FlTCHBUEG   RAILROAD   COMPANY, 

Fitchbubg,  Mass.,  September  16th,  1892. 

I  send  you  herewith  two  blue  prints  showing  rails  lately  used  by 
the  Fitchburg  Railroad  Company.  The  1891  pattern  which  we  are  now 
using  has  f-in.  top-corner  radius,  which  is  the  shortest  we  have. 

All  the  rails  laid  between  1882  and  1891  have  had  a  large  corner 
radius,  most  of  them  about  like  the  76-lb.  4j-in.  high  section,  a  blue 
print  of  which  is  enclosed.  We  have  now  in  the  track  7  737  tons  of  the 
4}-in.  high  76-lb.,  with  |-in.  corner  radius,  and  I  do  not  know  of  any 
trouble  arising  from  sharp  flanges  which  could  have  been  caused  by 
this  rail.  I  have  noticed  that  on  the  old  76-lb.  section  the  wheel 
flanges  cut  much  faster  into  the  rails  on  the  outside  of  curves,  than  on 
the  new  76-lb.  section.  Both  these  sections  were  rolled  at  the  South 
Scranton  Works,  and  the  material  is  presumably  the  same.  If  I  were 
to  design  a  new  rail  for  our  use,  I  think  I  should  use  |-in.  corner 
radius  and  straight  sides.  I  have  never  expressed  an  opinion  on  this 
subject  to  your  committee.  Yours  truly, 

A.  S.  Cheevee, 
(  h  ief  Engineer. 

Westeen  New  Yoek  and  Pennsylvania  Ratleoad  Company, 

Buffalo,  N.  Y.,  September  23d,  1892. 
We  have  no  "sharp  top-cornered  rail  sections  "  on  our  lines. 
Our  "standard  section"  is  Pennsylvania  Steel  Company's  No.  2,  or 
C.  P.  &  Co.  's  section  old  No.  35,  present  No.  50  ;  all  practically  the 
same  as  Cambria  section  No.  55,  67  lbs.  per  yard. 

Our  experience  with  this  section  has  been  satisfactory  so  far. 
Very  truly  yours, 

E.  D.  McCeeaey, 
Chief  Engineer. 

Toledo,  St.  Louis  and  Kansas  City  Railroad  Company. 

Toledo,  O.,  November  23d,  1892. 

In  the  use  of  rails  with  \-in.  top-corner  radius,  I  have  found  that 
the  inside  top  corners  of  such  rails  on  curves  wore  away  very  rapidly, 
and,  in  doing  so,  made  many  sharp  wheel  flanges,  especially  on  those 
with  steel  tires.  After  these  corners  had  worn  down  to  about  .-in. 
radius,  the  wear  became  less  rapid  on  both  rails  and  wheel  flanges. 
In  such  cases,  the  sharp  corner  is  of  short  duration,  and  its  wearing 
away  is  accompanied  by  corresponding  wear  on  wheel  flanges.  My 
experience  with  such  rails,  and  with  rails  with  f-in.  top-corner  radius, 
has  led  me  to  the  conclusion  that  the  former  are  not  desirable  tor 
roads  having  in  their  alignment  many  sharp  curves. 

I  have  put  down  about  12  000  tons  of  rail  with  }-in.  top-corner 
radius.  A.  L.  Mu.i.s. 

Chief  Enginet  r. 
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September  26th.,  1892. 
Answering  your  letter  of  the  1st  of  September,  my  experience  in 
the  use  of  rails  with  sharp  top  corners  is  limited  to  the  section  recom- 
mended by  the  Society  some  time  ago,  of  which  we  have  purchased 
and  laid  down  this  year  1  500  tons,  75  lbs.,  steel,  4  J  ins.  high;  radius 
top  corners,  i  in. ;  breadth  of  head,  2  ^  ins.  Since  it  was  laid  I  have 
noted  the  process  of  wearing  very  closely,  and  especially  for  evidences 
of  contact  between  the  wheel  flanges  and  the  inside  vertical  face  of  the 
rail  head,  but  so  far  the  closest  scrutiny  fails  to  discover  any  evidence 
of  it.  The  wheels  tread  squarely  on  the  top  face  of  the  rail  and  not 
their  flanges  on  the  corner  or  side  or  vertical  face  as  they  do  on  rails 
having  large  round  top-corner,  and  inclined  side  faces.  In  that  partic- 
ular, and  in  fact  all  others,  the  section  now  promises  the  best  results, 
and  I  believe  the  sharp  top  corner  of  $  in.  to  be  a  decided  advantage 
over  a  large  radius.  The  locomotive  engineers  think  they  can  make 
better  speed  over  this  rail,  and  that  it  is  due  to  a  better  traction  on 
account  of  its  broad  face.  While  that  is  true  I  think  there  is  far 
greater  benefit  derived  from  the  flange  clearance  of  the  side  face  of  the 
rail  head,  because  the  effect  of  that  contact  continuously  is  like  an 
applied  brake  to  retard  the  train's  movement. 

Yours  truly, 

T.  H.   Perry, 
Chief  Engineer  L.  E.  &  W.  R.  R. 


The  Lake  Shore  and  Michigan  Southern  Railway  Company, 
Cleveland,  O.,  September  16th,  1892. 

Replying  to  yours  of  1st  instant,  I  enclose  blue  print  of  the  65  and 
70-lb.  rail  sections  which  we  have  been  using  since  1889.* 

So  far  as  the  wear  of  the  rail  is  concerned,  these  sections  have 
proven  satisfactory. 

The  amount  of  rail  of  these  sections  laid  from  1889-92,  inclusive, 
is  as  follows  : 

Year.  Tons,  65-lb.  Tons,  70-lb.  Total. 

1889 13  022  2  015  15  037 

1890 16  475  2  538  19  013 

1891 21  494  2  498  23  992 

1892 22  465  4  501  26  966 

73  456       11  552        85  008 
Yours  truly, 

E.  A.  Handy, 

Chief  Engineer. 

*  These  sections  show  radius  of  upper  corner,  f5g  in.  Radius  of  head,  12  ins.  Inclination 
of  sides  of  head,  4°. 
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The  Pennsylvania  Railroad  Company, 

Philadelphia,  June  4th,  1891. 
E.   T.  D.  Myers,  Esq., 

Genl.  Supt.  R.  F.  &  P.  R.  R.  Co.,  Richmond,  Va. 
Dear  Sir, — In  answer  to  yours  of  the  3d  instant,  the  t^-vd..  radius  on 
the  corner  of  our  85-lb.  rail  was  placed  there  as  a  compromise  between 
the  Engineer  Department  and  the  Motive  Power  Department.  The 
Motive  Power  Dei^artment  always  insisted  on  a  jj-in.  radius,  while  we 
would  very  much  prefer  to  have  only  £-in.  radius.  My  own  preference 
is,  however,  a  £-in.  radius  on  the  upper  corner,  and  vertical  sides,  but 
I  was  overruled  and  adopted  the  85-lb.  section  as  a  compromise.  I 
think  it  is  the  best  section  that  we  have  ever  had,  and  I  take  pleasure 
in  sending  you  a  lithograph  of  it  (Fig.  23,  Plate  LXXIII). 

Respectfully, 

Wm.  H.  Brown, 

Chief  Engineer. 
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RIVER   IMPROVEMENT— DISCUSSION    ON    PAPER 

No.  588.* 


By  Charles  B.  Brush,  Edgar  B.  Gosling,  W.  K.  Hutton,  J.  J.  R. 
Croes,  John  Bogart,  F.  S.  Washburn,  W  P.  Cbaighill  and 
H.  D.  Whitcomb. 


Charles  B.  Brush,  Vice-President  Am.  Soc.  C.  E. — Mr.  Chairman, 
on  page  9  of  this  interesting  paper  I  note  this  paragraph:  "This 
increase  in  depth  of  channel,  which  is  7  ft.  near  Richmond,  is  almost 
exclusively  in  rock  for  3  miles  below  the  city  limits,  and  although  the 
larger  part  can  be  removed  by  dredging  alone,  the  estimated  cost  of 
this  section  was  more  than  half  that  of  the  entire  project."  I  am  not 
personally  familiar  with  the  apparatus  that  is  used  in  dredging  rock 
under  such  conditions,  and  if  there  is  any  member  present  who  can 
describe  it,  I  wish  he  would  do  so. 

Edgar  B.  Gosling.  Jun.  Am.  Soc.  C.  E. — I  have  seen  such  a  dredge 
in  use  on  the  Suez  Canal.  It  is  composed  of  a  series  of  chisels  about 
16  ft.  long  and  about  8x8  ins.,  with  chisel  points  ;  they  drop  about  7 
ft.,  and  break  the  rock  in  pieces,  varying  from  small  pieces  up  to  1^ 

*  "  The  Improvement  of  James  River,  Va.,"  by  H.  D.  Whitcomb,  M.  Am.  Soc  C.  E.,  Vol. 
XXVIII,  p.  209. 
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cu.yds.,  which  are  picked  up  and  deposited  on  the  dredge,  and  then 
dumped. 

In  regard  to  the  question  of  dredging  causing  a  channel  to  be  kept 
open,  I  think  this  can  be  seen  in  the  Suez  Canal,  because  there  they 
cut  through  sand,  and  the  channel  is  kept  perfectly.  In  the  center  the 
depth  of  the  Suez  Canal  is  about  9  m.,  the  sides  have  a  ledge  about  I J 
m.,  and  that  channel  retains  its  shape.  When  boats  go  through  they 
have  to  lessen  their  speed,  so  as  not  to  break  the  sand  in,  but  the 
channel  keeps  its  place.  Of  course,  there  are  a  great  many  currents, 
but  it  is  not  like  a  river. 

In  regard  to  the  large  dredge  I  mentioned,  I  think  they  dredged 
about  400  to  500  cu.  m.  per  day.  I  should  think  it  would  be  prefer- 
able to  blasting. 

W.  E.  Hutton,  M.  Am.  Soc.  C.  E. — It  is  believed  that  the  dredges 
used  on  the  James  are  strong  dipper  dredges.  The  recent  Suez  rock 
dredge  (just  referred  to)  is  an  endless  chain  dredge,  with  the  rock- 
cutting  rams  or  chisels  arranged  in  series  in  front  of  the  buckets. 
Similar  single  rock-cutting  rams,  with  separate  dredges,  are  in  use  on 
the  Danube  improvement,  at  and  above  the  Iron  Gate.  Their  weight 
is  from  4  to  8^  tons.  Similar  chisels  were  used  at  Rock  Island 
Rapids,  on  the  upper  Mississippi,  in  1867,  but  the  system  had  been 
applied  in  France  15  years  before. 

With  regard  to  the  maintenance  of  a  dredged  channel,  there  are 
many  collateral  circiimstances  which  affect  the  result,  and  it  is  not 
always  easy  to  discover  them.  I  recall  an  attempt  to  dredge  out  a 
sand  bar  across  the  deep  channel  of  a  wide,  shallow  river.  With  a 
view  to  aid  Nature,  the  engineer  selected  the  shortest  line  between  the 
proper  depth  curves  as  the  point  where  Nature  was  making  her  effort 
to  cut  through  the  bar.  But  Nature  had  another  force  at  work  to 
maintain  the  bar,  which  was  not  taken  into  account,  and  the  cut  rilled 

as  fast  as  it  was  taken  out. 

-:>  *  *  -x-  *  *  *  *-  * 

The  bar  at  Sandy  Hook  may  be  cited  as  a  place  where  permanent 
results  are  obtained  by  dredging.  Many  projects  were  formed  for 
deepening  the  channel  over  the  bar  by  contraction  work,  some  of  them 
proposing  jetties  several  miles  in  length.  Finally,  dredging  was  tried, 
and,  contrary  to  general  expectation,  has  proved  entirely  successful. 

J.  J.  R.  Croes,  M.  Am.  Soc.   C.  E. — The  statement   made  by  Mr. 
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Hutton  shows  what  I  said  in  regard  to  the  study  of  natural  causes  and 
working  the  way  Nature  works.  The  engineer  in  the  Potomac  River 
opposite  Washington  dredged  out,  neglecting  certain  current  effects, 
and  the  channel  filled  up.  Unless  a  study  is  made  of  the  action  of 
the  particular  river  in  the  particular  soil — because  you  cannot  calcu- 
late that  from  general  principles,  you  have  got  to  know  the  local  cir- 
cumstances well — if  a  study  is  made  of  the  action  of  the  same  river  in 
that  kind  of  soil,  and  you  can  dredge  out  a  channel  as  Nature  has  done 
it  in  other  places,  I  do  not  see  why  it  should  not  remain.  The  remarks 
of  the  writer  in  the  early  part  of  the  paper,  which  I  have  just  had  an 
opportunity  of  looking  over  a  little  more  carefully,  certainly  show 
that  this  paper  is  an  exceedingly  valuable  one  in  showing  the  effects  of 
a  jdan  not  carefully  studied.  "Nothing  but  a  general  plan  can  be 
made  in  advance  of  the  determination  of  the  action  of  the  river."  I 
do  not  know  that  I  am  prepared  to  endorse  that  statement  entirely. 
Provided  sufficient  time  is  given  and  sufficient  appropriations  are 
made  by  Congress,  and  a  proper  study  made  in  advance,  the  improve- 
ment of  the  James  must  be  more  or  less  tentative  to  secure  the  best 
results,  and  that  is  the  case,  unquestionably.  Any  experiments  must 
be  more  or  less  tentative,  and  unless  Congress  or  the  governing  body 
can  be  induced  to  make  sufficient  appropriations  to  allow  for  proper 
examinations  to  be  made  before  the  works  are  undertaken,  all  works 
on  our  rivers  must  be  tentative  only,  and  not  produce  the  effects  at 
once  which  are  desired. 

Mr.  Brush. — Mr.  Chairman,  speaking  of  dredging,  there  are 
numerous  cases  where  dredging  has  to  be  resorted  to,  even  if  it  does 
not  produce  a  permanent  effect,  and  the  most  obvious  case  probably 
is  that  of  the  Hudson  River.  The  silt  in  the  Hudson,  on  both  the  New 
Jersey  and  the  New  York  shores,  accunmlates  very  rapidly.  The  piers 
have  to  be  dredged  out  at  least  once  and  sometimes  twice  a  year.  The 
depth  dredged  ranges  from  4  to  8  ft.  per  year,  if  you  dredge  below 
the  natural  bed  of  the  river.  This  silt,  however,  that  forms  the  bed 
of  the  river,  makes  the  most  magnificent  bottom  that  we  could  have;  in 
case  our  slips  silt  up  and  vessels  are  grounded,  they  are  not  injured. 
In  a  rock  or  sand  formation  it  is  a  serious  matter  for  a  vessel  to  ground. 
Silt  is  not  so  objectionable.  But  this  silt  has  to  be  continually 
dredged,  in  order  to  keep  our  slips  clear. 

Mr.  Ckoes. — The  remarks  of  Mr.  Brush  are  very  interesting,  but 
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they  do  not  controvert  the  general  question  at  all.  In  the  improve- 
ment of  a  river,  yon  want  to  improve  the  natural  conditions  in  such  a 
way  that  the  channel,  in  the  natural  state  of  the  waters  around  it,  will 
not  be  filled  up  and  the  sediment  allowed  to  gain  lodgment,  and 
which  will  be  sufficient  to  carry  vessels.  In  the  cases  mentioned  by 
Mr.  Brush  there  is  no  comparison  at  all  between  them,  because  there 
dredging  is  necessary  all  the  time,  according  to  the  natural  conditions, 
and  there  is  no  possibility  of  doing  permanent  good  by  dredging  in 
that  case  ;  it  is  very  different  from  the  channel  of  a  river. 

John  Bogart,  M.  Am.  Soc.  C.  E. — Mr.  President,  I  think  that  we 
can  congratulate  ourselves  upon  having  a  paper  like  this  from  the 
member  of  the  Society  who  has  been  so  long  connected  with  this 
important  work.  It  is,  as  I  have  been  able  to  apprehend  its  scope  from 
hearing  it  read  by  the  Secretary  (I  have  not  had  an  opportunity  of 
reading  it  before),  an  excellent  description  of  work  actually  performed  : 
a  clear  and  concise  statement  of  results  obtained  in  the  improvement 
of  one  of  our  most  important  rivers.  It  is  a  sequel,  as  stated  by  the 
writer,  to  a  more  extended  paper  given  us  by  Colonel  Craighill,  which 
described  minutely  the  improvement  of  a  number  of  the  rivers  upon 
the  Atlantic  Coast,  and  in  that  paper  Colonel  Craighill  referred  to  the 
James  with  the  expression  of  a  hope  that  the  engineer  in  immediate 
charge  would  give  a  more  detailed  paper,  and  this  is,  I  suppose,  the 
result.  The  descriptions  of  the  improvements  made  under  the  direc- 
tion of  the  Corps  of  Engineers  of  the  United  States  Army  are  to  be 
found  in  the  Reports  of  the  Chief  of  Engineers;  but  these  reports  are 
not  seen  by  many  civil  engineers,  and  therefore  the  publication  in  the 
Transactions  of  the  Society  of  a  paper  of  this  character  is  of  great 
value.  The  writer  certainly  develops,  from  actual  experience  and 
observation,  many  important  points  with  reference  to  the  treatment  of 
a  river  of  the  character  of  the  James,  and,  it  seems  to  me,  no  fact  is 
more  clearly  brought  out  than  that  the  rule  to  be  followed  iu  the 
improvement  of  rivers  is  only  to  be  deduced  from  thorough  study  of 
the  laws  indicated  by  Nature's  conditions  in  each  special  case. 

F.  S.  Washburn,  M.  Am.  Soc.  C.  E. — I  judge,  from  Mr.  Croes'  re- 
marks, that  his  objection  to  a  tentative  method  is  based  upon  his  be- 
lief that  calculations  alone  are  sufficient  to  determine  the  proper 
method  for  treating  a  stream  like  the  James  River.  Tin1  very  basis 
for  calculations   in   such   a  case  as   the  one  treated  of  in  this  paper, 
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must  be  the  result  of  tentative  methods,  and  the  jDaper  bears  evidence 
throughout  that  experimentation  and  calculation  were  carried  on  co- 
incidently.  It  is  a  problem  of  currents,  their  causes  and  their  effects. 
The  stream  is  very  tortuous,  and  the  necessary  cut-offs  at  various 
points  give  rise  to  new  problems  and  conditions  down  stream,  whose 
elements  no  mere  calculation  could  anticipate.  The  equation  would 
be  an  unsolvable  one. 

Mr.  Croes  finds  a  dangerous  tendency  on  the  part  of  the  author  to 
be  elementary,  and  to  absorb  the  time  of  the  Society  in  the  unnecessary 
cautioning  of  its  learned  members  against  ignorant  dredging.  In  the 
third  sheet  of  illustrations,  following  statement  "  D,';  are  shown  three 
different  contractions  of  the  stream  at  three  different  periods,  1877, 
1880  and  1888,  each  with  its  resultant  depth.  This  sheet  is  character- 
istic of  the  whole  teaching  of  the  paper,  that  dredging  without  some 
artificial  means  of  fixing  the  width  of  current  is  useless,  and  dredging 
with  some  artificial  means  of  maintaining  the  proper  width  for  the 
desired  depth  and  velocity  is  successful. 

W.  P.  CEAiGHrLn, .  M.  Am.  Soc.  C.  E. — This  paper  gives  many  in- 
teresting facts  concerning  the  James  River.  The  work  has  progressed 
very  satisfactorily  since  the  date  of  the  paper  ju-inted  in  1888,  to  which 
Mr.  Whitcornb  refers.  The  improvement  has  been  a  successful  one, 
which  is  a  great  gratification  to  those  who  have  been  responsible  for 
methods  and  results.  There  has  sometimes  been  complaint  that  re- 
sults have  not  been  reached  as  speedily  as  desired,  and  thereupon 
fault  has  been  found  with  the  methods.  The  slowness  as  to  results  has 
been  due  to  the  want  of  money  to  push  the  work,  and  for  this  the  engi- 
neers have  not  been  responsible.  Moreover,  as  Mr.  Whitcomb  remarks, 
"  the  scope  of  the  work  has  been  enlarged  by  law,"  which  means  that 
while  a  certain  approved  plan  was  in  process  of  execution  and  was  well 
advanced,  viz. ,  to  give  a  depth  of  15  ft.  at  low  water  to  the  city  of  Rich- 
mond, Congress,  without  recommendation  from  the  engineers,  and  under 
some  unusual  and  unknown  influence,  directed  that  the  project  should 
thereafter  look  to  obtaining  a  depth  of  22  ft.  at  low  water. 

This  meant,  of  course,  a  much  greater  amount  of  work,  and  in- 
volved such  changes  as  to  render  worthless,  or  nearly  so,  much  that 
had  already  been  done.  But  the  directions  of  Congress  have  been 
loyally  carried  out  as  far  as  possible.  What  a  great  increase  of  depth 
was  thus  sought  for  will  appear  when  it  is  noted  that  on  some  of  the 
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worst  shoals  below  Richmond  where  the  improvement  began  in  1870 
there  were  only  7  ft.  at  low  water. 

Many  peojole  suppose  that  in  any  river  any  desired  depth  of  chan- 
nel can  be  obtained.  It  is  perhaps  true  that  almost  anything  is  possi- 
ble to  the  engineer  if  he  have  an  ample  supply  of  money  and  time. 
But  many  things  that  are  possible  are  not  expedient.  The  natural 
conditions  of  a  river  fix  the  depth  of  channel  it  is  reasonable  to  obtain 
and  to  maintain,  considering  the  expense  of  the  work  and  the  needs  of 
commerce  present  and  prospective. 

For  a  river  like  the  James  the  operations  necessary  for  its  improve- 
ment are  dredging,  rock-excavation,  and  the  contraction  and  regula- 
tion of  the  water-way  by  training  walls  and  wing  dams.  The  removal 
of  rock  under  water  is  a  very  expensive  and  tedious  work  and  the  ex- 
pense increases  with  the  depth.  Unfortunately  the  development  of 
rock  is  very  great  near  Richmond.  There  is  one  comfort,  however, 
about  the  removal  of  rock  from  a  channel.  It  does  not  re-appear,  as 
so  often  do  the  sand  and  mud  which  are  dredged.  But  the  moving- 
sand  or  silt  sometimes  is  deposited  by  the  river  in  a  channel  excavated 
in  the  solid  rock,  and  must  then  as  elsewhere  be  removed  by  the 
dredge  or  by  works  of  contraction  designed  to  increase  the  velocity 
and  prevent  deposition. 

When  the  material  to  be  removed  to  give  increased  depth  is  such 
as  can  be  scoured  by  a  current  with  an  increased  velocity,  two  methods 
suggest  themselves.  The  obstruction  may  be  rapidly  removed  by  the 
dredge  and  the  needs  of  commerce  be  quickly  satisfied,  or  works  of 
contraction  may  be  used,  to  give  the  necessary  increase  of  velocity  and 
consequent  scour.  The  latter  is  generally  a  much  slower  process,  but 
if  the  dredge  is  depended  upon  alone,  it  is  usually  necessary  to  do  its 
work  over  and  over  again.  If  money  be  abundant  and  time  presses, 
the  best  arrangement  is  to  dredge  the  needed  channel  and  at  the  same 
time  put  in  works  of  contraction  to  maintain  the  dredged  channel.  It 
is  not  to  be  expected,  however,  except  in  very  rare  cases,  that  an  arti- 
ficial channel  of  any  kind  is  to  remain  in  good  condition  unless  looked 
after  and  repaired.  This  need  for  repairs  is  not  a  peculiarity  of  works 
of  river  and  harbor  improvement,  but  is  equally  applicable  to  railways. 
streets,  roads,  etc.  If  neglected,  their  expense  increases,  and  to 
execute  them  with  money  intended  to  be  applied  to  the  original  im- 
provement, as  often  happens,  tends  to  increase  its  apparent  cost. 
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As  a  rule,  in  the  improvement  of  rivers  and  harbors  by  the  United 
States,  and  this  is  true  of  the  James,  the  use  of  the  dredge  is  specially 
prominent  in  the  earlier  stages,  in  order  to  attain  results  quickly, 
navigators  and  commercial  men  being  unwilling  to  wait  for  the  slower 
action  of  regulating  works.  If  the  works  of  regulation  are  put  in  as 
money  allows,  the  success  of  the  improvement  is  shown  by  the  con- 
tinually decreasing  appearance  of  the  dredge.  And  this  has  been  the 
case  on  the  James.  Another  test  of  the  success  of  the  work  on  the 
James  may  be  seen  in  the  following  table: 

Statement  of  Depths  in  James  River  Available  for  Navigation  at 

Low  Tide: 

1870.     1893. 
Feet.     Feet. 

From  the  city  to  Kichmond  Bar. , 7.0  13.8 

Over  Eichmond  Bar  and  Randolph  Flat 7.0  15.0 

From  Randolph  Flat  over  Warwick  Bar 12.4  18.0 

From  Warwick  Bar  to  City  Point  (Trent's  Reach  in 

1870*) 7.0  15.5 

From  City  Point  to  the  sea 14.8  17.0 

The  present  available  depth  for  navigation  at  full  tide  is  18J  ft. 
from  the  sea  to  Richmond  Bar,  and  16 £  ft.  thence  to  the  city  limits  of 
Richmond. 

The  mistake  is  sometimes  made  on  the  part  of  those  interested  in  the 
commerce  of  a  port  of  demanding  a  greater  depth  of  channel  than  the 
physical  characteristics  of  the  river  justify  the  engineer  in  trying  for 
at  first  and  in  attempting  to  maintain.  Great  depth  can  only  be  had 
bv  much  dredging  or  by  great  contraction,  or  a  combination  of  both. 
If  the  dredges  are  used  alone,  they  must  be  always  at  work  at  much 
expense  and  are  themselves  a  serious  obstruction  to  navigation.  If 
works  of  contraction  are  resorted  to,  the  channel  must  be  made  pro- 
portionally narrow,  and  thus  navigation  is  impeded.  The  best  plan 
therefore  is  for  cities  on  small  streams  not  to  be  too  desirous  of  very 
great  depths,  but  to  be  satisfied  with  the  more  moderate  depth  con- 
sistent with  a  width  appropriate  to  the  river  itself. 

H.  D.  Whitcomb,  M.  Am.  Soc.  C.  E.  —The  rock  to  be  removed  was 
described  in  Colonel  Craighill's  paper  as  follows:  "Granitic,  partly  in 

*  Trent's  Reach  is  now  avoided  by  Lutch  Gap  Cut-Off. 
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'beds  and  ledges  and  partly  in  detached  boulders.  There  is  much  of  it 
which  has  never  been  compacted,  or  has  become  disintegrated,  and  is 
so  soft  as  to  be  readily  removed  by  a  strong  dredge." 

The  disintegrated  rock,  as  I  prefer  to  term  it,  is  granulated  and 
resembles  in  appearance  a  very  dark  granite.  It  is  friable  but  does 
not  yield  readily  to  the  current.  It  is  said  to  be  more  troublesome  to 
drill  and  blast  than  solid  granite.  Attempts  to  economize  its  excava- 
tion by  blasting  have  not  been  successful.  The  ordinary  dipper 
dredges  are  employed. 

There  are  hard  strata  found  in  it  with  the  softer  recurring  below. 
The  strata  vary  from  an  inch  to  three  or  more  feet,  and  the  thinner 
are  often  a  very  pure  quartz.  The  thicker  are  gneiss.  All  the  sub- 
merged ledges  of  solid  rock  have  more  or  less  of  this  soft  rock  on 
them. 

The  chisels  referred  to  by  Messrs.  Hutton  and  Gosling  might  be 
used  with  advantage  in  aid  of  dredging,  and  if  the  machine  would 
break  up  the  solid  rock  in  the  James,  its  use  would  be  very  accept- 
able. 

A  chisel  something  like  that  described,  but  not  so  heavy  or  elabo- 
rate, was  used  in  the  removal  of  some  dangerous  points  on  Rocketts 
Reef,  at  Richmond,  with  success,  nearly  40  years  since.  I  think  it  was 
worked  in  the  gin  of  an  ordinary  pile  driver. 

The  prices  paid  for  excavating  the  soft  rock  have  been  from  40 
cents  to  $2,  and  for  solid  rock  from  $5  to  $8  per  cubic  yard. 

Noticing  the  comments  of  Mr.  Croes,  it  is  proper  to  say  that  the 
condition  of  the  James  in  1870,  when  its  improvement  was  begun  by 
the  United  States,  was  not  a  natural  one  for  20  miles  below  Richmond. 
The  channel  had  been  blocked  and  changed  by  obstructions  and  mili- 
tary bridges  for  nearly  10  years,  and  although  Richmond  had  opened 
a  narrow  way  around  or  through  these,  a  more  complete  removal  was 
required  by  commerce  to  open  a  channel  no  better  than  that  exist  ing 
before  the  obstructions  were  placed  and  with  the  least  possible  delay. 
It  was  not  the  time  for  an  extended  survey.  This  was  made,  however, 
in  1874,  and  as  soon  as  practicable  afterward,  a  general  plan  and  esti- 
mate was  made  for  the  older  project  of  15  ft.  This  was  nearly  com- 
pleted in  1882.  A  general  plan  and  estimate  for  the  later  project  fol- 
lowed an  elaborate  survey  in  1882,  which  included  borings  in  the  river 
lied  where  there  were  less  than  25  ft.  of  water.     This  plan  is  being 
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carried  out  as  fast  as  means  are  provided,  and  about  16,%  of  the  esti- 
mated cost  of  the  new  project  had  been  expended  when  the  paper 
under  discussion  was  written. 

While  the  engineer  officer  in  charge  will  not  claim  to  have  seen  the 
end  from  the  beginning,  he  has  seen  a  steady  progress  towards  it;  and 
if  some  expenditures  have  not  secured  permanent  results,  none  of  them, 
so  far  as  I  am  informed,  were  made  unless  dictated  by  the  imperative 
needs  of  commerce  or  other  sufficient  reasons.  But  Colonel  Craighill 
has  fully  covered  this  ground  in  discussing  the  paper. 

The  article  under  discussion  is  a  contribution  of  facts  as  the  writer 
viewed  them,  and  was  submitted  with  an  expectation  of  criticism,  and 
a  hope  that  he  would  thereby  gain  valuable  information  from  mem- 
bers who  have  had  experience  on  similar  work.  There  was  no  expec- 
tation of  imparting  information  to  such  persons,  still  less  to  condemn 
dredging  where  it  was  proper.  He  stated  on  page  26  of  his  paper  that 
dredging  alone  was  contracted  for  in  improving  the  channel  below  City 
Point.  That  part  of  the  James  is  rather  an  estuary,  where  fluvial 
currents  have  become  insignificant  compared  with  those  due  to  the 
tides.  The  waterway  is  very  wide  and  available  for  light-draught  ves- 
sels outside  the  channel;  aud  regulating  works  would  in  some  cases 
interfere  seriously  with  such  vessels  under  sail,  as  well  as  with  the 
local  traffic.  Regulation  was  also  thought  more  expensive  than  main- 
tenance by  repeated  dredging  in  this  part  of  the  river,  and  was  not 
included  in  the  plan  except  for  a  shoal  near  Jamestown.  The  deteri- 
oration of  the  channels  which  were  dredged  to  18  ft.  in  depth  in  1881, 
amounts  to  about  $8  300  at  this  date,  and  they  will  be  redredged.  If 
experience  shows  that  regulation  is  also  needed,  or  would  be  more 
economical  for  the  enlarged  project  of  22  ft.,  I  have  no  doubt  it  will  be 
introduced  wherever  it  can  be,  with  due  regard  to  other  conditions. 

Between  the  rock  near  Richmond  and  City  Point,  the  shoals  and 
shallow  reaches  between  them  are  of  recent  alluvium,  to  the  depth  of 
the  project  at  least  in  nearly  every  case.  This  was  ascertained  by  the 
borings.  Where  this  is  not  the  case,  dredging  in  part  is  generally 
needed.  The  river  banks,  in  the  main,  are  firm,  yielding  but  slowly 
where  exposed  to  the  current ;  so  that  the  lines  of  flow  are  constant  in 
direction,  varying  somewhat  with  the  discharge,  but  constant  taking  a 
few  years  together.  There  is  an  older  bed  below  the  alluvium,  perhaps 
of  similar  material  to  the  higher  banks  or  bluffs. 
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The  alluvium,  a  more  or  less  muddy  sand,  is  to  a  certain  depth  con- 
stantly in  motion,  with  a  preponderance  down  stream  varying  with  the 
strength  of  the  currents,  fluvial  and  tidal,  with  a  greater  movement  in 
freshets.  The  direction  of  the  currents,  and  other  conditions,  being 
practically  constant,  the  river  bed  with  its  shoals  and  reaches  has  been 
remarkably  permanent  in  profile  and  section  for  40  years  at  least, 
where  undisturbed,  and  could  not  be  otherwise  by  natural  law; 
although  formed  and  maintained  in  a  constantly  moving  mass  of  silt. 
In  the  bends  there  is  a  slope  toward  the  concave  bank,  depending  per- 
haps on  the  radius  of  the  flow;  at  the  middle  of  the  cross-overs  the  bed 
is  practically  level,  especially  so  where  tidal  currents  are  weak. 
Dredging  under  such  conditions  is  a  temporary  expedient  whether 
the  whole  width  is  dredged  over  or  a  channel  only  sufficient  for  navi- 
gation is  cut.  It  is  an  enlargement  of  area  not  needed  by  the  flow, 
and  the  river  will  restore  the  old  section  to  the  condition  required  1  >y 
nature's  laws  at  that  point. 

This  is  recognized  and  concisely  stated  by  Mr.  Washburn  in  his 
remai'ks. 

If  the  surface  is  contracted,  the  area  is  thereby  reduced  and  the 
river  will  take  a  deeper  section  to  regain  it.  If  the  direction  of  the 
current  is  not  materially  changed  by  the  regulation,  and  it  is  not  for 
freshets  overtopping  the  works,  the  bottom  slopes  and  levels  will  be 
reformed  at  a  greater  depth,  corresponding  with  the  amount  of  the 
contraction.  This  requires  time,  depending  on  the  discharge  of  the 
river. 

If  to  hasten  the  process  dredging  is  done  as  "Nature  has  done  it  in 
other  places,''  it  must  include  a  prism  of  about  the  whole  width  be- 
tween the  works,  of  a  depth  which  will  make  the  area  of  the  prison 
that  of  the  contraction.  Its  bed  must  be  substantially  parallel  in 
cross-section  to  the  former  lied.  This  is  what  the  river  has  taught,  as 
numero\is  sections  like  that  submitted  with  the  paper  are  at  hand 
to  show.  This  is  not  the  way  dredging  is  usually  done  ;  but  a  deep 
cut  of  the  width  required  for  navigation  is  made,  perhaps  one- 
fourth  the  width  between  the  works  on  this  river.  Such  a  cut  will  lie 
obliterated,  hut  it  will  hasten  the  deepening  which  Nature  would  have 
made  at  no  expense,  and  nrighl  have  made  in  a  few  days  of  a  great 
Ereshet. 

The  "soils  "  iu  the  bed  of  the  river,    in  this  alluvium,  vary  only  in 
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being  of  in ti tidier  and  finer  particles  the  farther  they  are  from  the  head 
of  tide,  and  are  all  "  material  readily  moved  by  the  current." 

The  shallower  reaches  between  the  shoals  proper  on  this  river,  if 
in  alluvinin,  have  too  much  surface  width;  the  shoals  are  at  cross- 
overs; both  require  contraction  to  make  them  deeper  than  Nature  has 
made  them.  If  contraction  is  properly  made,  it  is  sufficient  without 
dredging.  "  Tentative  "  work  is  sometimes  needed  for  us  to  find  out 
what  is  proper,  but  the  general  rule  is  to  make  the  width  such  as  to 
produce  the  width  and  depth  of  channel  required  in  a  river-bed,  which 
must  be  parallel  to  the  old  and  have  the  same  area  at  low  tide.  The 
practice  is  to  add  a  percentage  to  this  width,  expecting  that  a  larger 
area  will  be  maintained  in  the  improved  river,  since  results  have  indi- 
cated that,  or  perhaps  only  that  the  area  should  be  measured  at  a  level 
somewhat  above  low  tide.  An  increase  over  the  projected  depth  is  of 
less  importance  than  the  maintenance  of  the  greatest  width  practicable 
on  this  part  of  the  James. 

The  more  distant  from  the  head  of  tide  the  stronger  the  tidal  and 
weaker  the  fluvial  currents  appear  to  be  on  this  river,  and  no  natural 
section  will  suit  as  a  model  for  a  section  distant  from  it. 

It  may  not  be  out  of  place  to  say  that  a  freshet  which  occurred  in 
May,  since  the  presentation  of  the  paper,  rising  to  17  ft.,  scoured 
104  000  cu.  yds.  from  between  the  works  from  Richmond  Bar  to  Falling 
Creek.  The  limiting  depth  of  channel  on  the  stretch  of  3^  ins.  below 
the  bar  was  increased  from  16.4  to  18  ft.,  with  an  increase  in  depth 
and  area  at  almost  every  section  measured.  The  bar  has  small  areas 
of  rock  at  a  depth  of  16  ft.  in  process  of  removal. 

This  action  was  mainly  due  to  repairs  and  extensions  of  the  regu- 
lation works,  which  were  not  completed  at  the  time  of  the  freshet, 
except  on  the  lowest  of  the  four  shoals  included  between  the  works 
mentioned. 

I  beg  to  thank  the  members  who  have  taken  part  in  the  discussion 
of  the  paper. 
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COST   OF   OPERATING    CABLE   RAILWAYS. 
DISCUSSION   ON   PAPER   No.  590.* 


By  P.  F.  Brendlinger,  O.  F.  Nichols,  Chas.  B.  Brush,  Joseph  T. 
Dodge,  T.  C.  Clarke,  E.  E.  K.  Tratman,  and  D.  Bontecou. 


P.  F.  Brendlinger,  M.  Am.  Soc.  C.  E. — It  is  a  surprise  to  me,  and 
no  doubt  to  others,  that  the  cost  of  a  cable  railroad  is  so  terribly  ex- 
pensive. It  would  be  exceedingly  interesting  to  know  the  relative 
average  cost  of  trolley  and  horse  railroad  systems.  I  know  the  trolley 
or  electric  system  must  be  very  much  cheaper,  or  else  it  would  not  be 
coming  in  such  general  use.  As  an  instance,  take  the  city  of  Phila- 
delphia, Pa.,  where  cable  cars  have  been  used  for  a  number  of  years 
on  a  number  of  streets,  which  are  all  to  be  replaced  by  the  trolley 
electric  system.  Another  feature  of  the  cable  system  is  the  cars  can- 
not run  faster  than  the  speed  of  the  cable,  which  travels  at  rates  from 
6  to  10  miles  an  hour;  so  if  a  car  is  delayed  for  any  length  of  time,  it 
cannot  make  up  the  lost  time.     The  trolley  cars  can  make  up  lost  time 

*  "Notes  on  Operating  Cable  Railways,"  by  D.  Bontecou,  M.  Am.  Soc.  C.  E.,  Vol. 
XXVIII,  p.  250. 
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at  will.  As  an  illustration,  in  my  home,  the  City  of  Yonkers,  N.  Y., 
we  have  a  trolley  system;  the  speed  of  the  cars  was  fixed  by  ordinance 
at  7  miles  an  hour,  then  changed  to  10  miles  an  hour.  It  is  a  common 
occurrence  when  cars  are  detained  that  they  catch  up  to  the  schedule 
again  by  bursts  of  speed  from  15  to  20  miles  an  hour.  This  trolley  sys- 
tem is  a  wonderful  change  from  the  old  horse-car  system.  The  speed  of 
the  cars  varied  from  2  to  4  miles  an  hour,  in  fact  it  was  so  slow  that 
people  got  disgusted  and  would  rather  walk ;  the  result  was  the  sheriff 
and  receiver  soon  gobbled  it  up, when  by  reorganization  a  trolley  system 
was  established.  Kesult — the  cars  are  well  filled  and  the  road  is  pay- 
ing. Speed,  with  comfort  and  safety,  is  what  we  want,  and  we  must 
have  it. 

O.  F.  Nichols,  M.  Am.  Soc.  C.  E. — This  line  would  seem  in  many 
respects  not  one  that  could  well  be  compared  with  electric  or  horse 
lines  in  other  parts  of  the  country.  I  don't  know  how  long  it  has 
been  in  operation,  but  the  number  of  passengers  they  are  carrying  is 
relatively  very  small,  and  this  plays  a  very  important  part  in  the 
economical  operation  of  a  railroad.  From  the  figures  given  here,  the 
ratio  of  receipts  to  expenditures  is  prejudicial  to  this  line,  and  pre- 
vents it  from  making  a  good  showing  for  cable  railways.  If  we  look 
at  the  gross  earnings  and  assume  that  the  line  is  only  about  8j  miles 
long,  comparing  this  with  the  same  length  of  line  in  other  places,  the 
gross  receipts  should  be  in  the  neighborhood  of  $266  000,  while  the 
operating  expenses  are  here  $195  241  73.  The  operating  expenses 
would  be  about  1§\%  of  the  gross  earnings,  which  is  very  high,  and 
probably  due  to  the  fact  that  very  few  passengers  were  carried.  If 
we  allow  6°o  on  the  cost  of  construction  for  fixed  charges,  the  operat- 
ing expenses  are  practically  equivalent  to  the  gross  receipts,  so  this 
line  would  seem  to  be  a  very  expensive  line  to  operate,  because  the 
number  of  passengers  carried  is  so  small.  I  suppose  there  must  have 
been  some  reason  other  than  the  simple  carrying  of  passengers  which 
necessitated  the  construction  of  this  kind  of  a  line.  I  think  it  should 
have  been  operated  by  horses,  unless  there  was  some  other  predomin- 
ating necessity.  In  more  populous  districts,  the  number  of  passengers 
and  the  gross  receipts  have  become  so  large  that  the  operating  ex- 
penses can  be  very  heavy  and  still  be  consistent  with  economical 
operation. 

Charles  B.  Brush,  M.  Am.  Soc.  C.  E.— On  April  27th,  1885,  The 


458  DISCUSSION   ON   CABLE    RAILWAYS. 

North  Hudson  County  Bailway  Company  commenced  to  operate  its 
elevated  road  in  New  Jersey,  from  the  Hoboken  Ferry  to  the  brow 
of  the  Palisades,  a  length  of  5  820  ft.,  with  a  cable.  The  life  of  the 
cable  on  this  elevated  road  ranged  from  6  to  16  months;  the  average 
was  about  12  months.  This  elevated  road  is  the  terminus  of  several 
horse-car  lines  that  unite  on  the  brow  of  the  hill.  The  maximum 
grade  on  this  elevated  road  is  b%  for  2  100  ft. 

In  1891,  an  extension  of  this  elevated  road  was  made  on  the  top  of 
the  Palisades  for  a  distance  of  5  280  ft.  On  June  22d,  1892,  the  rail- 
way company  commenced  to  operate  this  extension  of  the  elevated 
road  with  electricity  on  the  overhead  trolley  system.  This  system 
had  never  been  previously  attempted  on  an  elevated  road,  but  it 
worked  so  successfully  that  on  November  6,  1892,  the  company  com- 
menced to  operate  the  original  portion  of  the  elevated  road  with  elec- 
tricity except  during  commission  hours. 

It  may  be  of  interest  to  state  here  that  the  elevated  structure  in 
itself  forms  the  return  circuit,  the  rails  being  bonded  in  the  customary 
way,  and  these  bonded  wires  connected  with  the  iron-work  of  the 
structure.  The  bottoms  of  the  posts  are  fixed  in  large,  heavy  castings 
resting  on  masonry  foundations,  and  as  these  castings  are  thoroughly 
covered  with  Portland  cement,  it  was  thought  best  to  put  in  heavy 
ground-plates  at  suitable  intervals,  in  order  to  insure  the  proper 
grounding  of  the  current. 

On  February  22d,  1893,  the  company  discarded  the  cable  entirely, 
and  since  that  time  it  has  operated  both  of  these  elevated  roads  by 
electricity,  on  the  trolley  system. 

The  operation  of  the  road  by  electricity  has  given  very  satisfactory 
results.  While  the  cars  are  not  so  large  as  those  used  with  the  cable, 
they  can  be  run  at  very  much  greater  speed  and  with  shorter  intervals 
of  time.  The  stops  at  the  stations  along  the  line  can  be  made  with 
greater  facility,  and  the  speed  of  the  cur  is  always  under  perfect 
control. 

What  Mr.  Clarke  has  stated  in  relation  to  other  roads  has  been 
found  true  on  this  road,  namely,  that  substituting  electricity  for  a 
motive  power  and  running  over  the  line  uumerous,  well-lighted  and 
quick-running  cars,  is  popular,  and  increases  travel. 

The  cable  cars  used  on  this  elevated  road  were  18  ft.  long,  weighed 
25  000  lbs.  empty  and  10  000  lbs.  loaded,  and  were  carried  by  two  four- 
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wheel  trucks  with  steel-tire  paper  wheels,  the  wheel-base  of  each  truck 
being  5  ft.  The  electric  cars  now  running  on  the  road  are  34  ft.  long? 
equipped  with  two  25-H.  P.  motors,  the  total  weight  being  18  000  lbs. 
empty  and  23  000  lbs.  loaded.  These  cars  are  carried  by  two  maxi- 
mum traction  pivotal  trucks,  the  wheel-base  of  each  truck  being  4  ft. 

Locomotive  engines  have  been  used  on  this  elevated  road  for  night 
service  during  very  light  travel,  and  in  cases  of  emergency  when  the 
cable  plant  was  out  of  commission.  These  locomotives  weigh  19  tons 
on  a  wheel-base  of  7  ft.  During  their  service  on  this  road  they  were 
not  called  upon  to  haul  more  than  one  loaded  car.  Some  of  these 
engines  are  now  in  use  on  another  line  belonging  to  The  North  Hudson 
County  Railway  Company,  running  from  the  West  Shore  Ferry  to  the 
Outtenberg  race  track.  On  this  line,  about  3  miles  in  length,  they 
haul  six  loaded  cars,  each  weighing  28  000  lbs. 

Joseph  T.  Dodge,  M.  Am.  Soc.  C.  E. — I  wish  to  call  attention  to 
the  field  of  each  of  these  different  modes  of  travel.  The  horse  cars 
have  widened  the  area  which  cities  have  covered;  the  steam  railroads 
have  brought  in  another  part  of  the  country  in  which  people  live  while 
they  do  business  in  great  cities;  now  here  come  in  the  electric  cars,  and 
they  take  away  some  of  the  business  of  the  horse  cars,  and,  to  a  certain 
distance,  say  10  miles,  under  favorable  conditions,  they  seriously  en- 
croach upon  the  business  of  the  steam  cars.  That  has  been  proven  at  St. 
Paul  and  Minneapolis.  I  know,  as  a  matter  of  fact,  that  a  large  number 
of  peo]3le  travel  between  those  two  cities  on  the  electric  cars.  It  is  the 
same  way  at  Boston,  where  people  come  in  from  Maiden  by  the  electric 
cars.  The  electric  cars,  picking  up  passengers  along  the  way,  have 
an  important  influence  upon  travel.  So  the  combined  effect  of  these 
methods  of  travel  seems  to  be  to  spread  our  cities  over  vaster  areas 
than  was  possible  a  generation  ago. 

T.  C.  Clarke,  M.  Am.  Soc.  C.  E. — Mr.  President,  there  is  one  im- 
portant point  which  has  always  to  be  considered  in  analyzing  these  dif- 
ferent systems  and  comparing  them  together.  The  cost  of  motive 
power  on  a  surface  railway  is  only  about  one-half  the  total  expense  of 
running  the  line.  I  am  speaking  now  of  the  cost  exclusive  of  fixed 
charges  on  capital.  The  economy  of  cable  over  horse  can  only  be  con- 
fined to  one-half  of  the  expenditure.  So  far  as  the  experience  of  the 
Chicago  lines — the  South  Side  and  the  West  Side — the  mileage  is  very 
great;  they  rank  among   the  largest  cable  lines,  and  the  mileage  by 
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liorse  and  by  cable  is  not  very  different — they  show  the  cost  to  be  a. 
little  less  by  cable  than  by  horse,  but  the  difference  is  not  so  great  as 
one  would  suppose.  It  is  the  same  way  in  Boston.  But  the  import- 
ant jjoint  to  investors  is  in  the  enormous  increase  of  capacity  of  cable 
or  electric  lines  over  horse  lines,  in  consequence  of  the  great  speed 
which  they  can  attain  as  soon  as  they  get  out  into  the  country  where 
they  can  make  speed.  Of  course  horses  cannot  compete  with  this  at  all. 
For  that  reason  the  people  inuch  prefer  to  ride  on  them.  They  can  ran 
more  frequent  trains  with  a  leas  number  of  cars.  The  fact  is  that  the 
number  of  passengers  per  car  increases  very  much  as  soon  as  the  road 
is  turned  into  a  cable  line  from  a  horse  line. 

Any  one  at  all  familiar  with  Kansas  City  would  see  why  the  Kansas 
City  lines  are  operated  with  cables.  The  streets  of  Kansas  City  are 
very  hilly,  and  it  would  be  impossible  to  run  any  lines  at  all  without 
cables — by  any  other  means  except  by  cables — over  those  grades,  and 
a  great  many  of  those  lines  have  been  built  for  the  purpose  of  develop- 
ing real  estate.  They  have  had  that  effect;  they  have  brought  prop- 
erty into  the  market  which  would  not  have  come  into  the  market  in 
50  years.  The  streets  are  built  up  with  nice  residences,  and  there  is  a. 
general  look  of  prosperity;  and  if  you  go  off  a  few  streets  beyond 
where  there  are  no  street-car  lines,  there  is  no  such  evidence  of  pros- 
perity. I  think  they  introduced  the  cable  for  the  same  reason  as  in 
San  Francisco,  on  account  of  the  steep  grades. 

There  is  another  reason  why  the  electric  cars  take  away  business 
from  the  steam  cars.  That  reason  will  be  given  you  by  anybody  who 
lives  on  the  line  of  both  a  steam  and  an  electric  road;  they  will  tell 
you  they  always  take  the  electric  car,  because  "  by  the  steam  line  if 
we  miss  a  train  we  might  have  to  wait  twenty  minutes  or  half  an  hour 
for  another,  but  by  the  electric  road  if  we  miss  one  car  another  comes 
along  in  two  or  three  minutes,  so  we  always  take  that  line." 

E.  E.  Russell  Tkatman,  Assoc.  M.  Am.  Soc.  C.  E. — In  the  com- 
mencement of  his  paper,  Mr.  Bontecou  says  of  cable  railways  in  general 
that  "the  cost  of  first-rate  construction  is  so  large  that  a  considerable 
volume  of  business  is  necessary,  to  produce  a  return  on  the  invest- 
ment." It  has  often  occurred  to  me  that  it  ought  to  be  possible  to 
design  a  simpler  system  of  construction,  with  less  excavation  and  con- 
crete, which  would  make  cable  traction  available  for  lines  with  a  less 
volume  of  business,  but  on  which  the  advantages  of  the  cable  system 
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are  desirable  for  reasons  of  grades,  etc.  Analyzing  Mr.  Bontecou's 
statements  of  cost  of  two  roads,  I  find  that  the  items  of  underground 
obstructions,  substructure,  track  and  line  machinery  and  paving 
represent  about  $117  445  and  §117  295  per  mile  out  of  a  total  cost  of 
$223  184  and  $239  240  per  mile,  including  (as  shown  by  the  paper) 
equipment,  cable,  power  plant,  engineering  and  legal  expenses,  in- 
terest, etc. 

A  shallow-conduit  cable  railway  was  built,  I  believe,  at  Butte  City, 
Mont. ,  about  two  years  ago  by  the  Vogel  Cable  Construction  Company, 
of  New  York.  The  conduit  was  designed  by  Mr.  George  S.  Morison, 
and  consisted  of  two  Z  bars  riveted  to  a  base  plate  and  having  riveted 
braces  or  yokes  at  intervals,  the  yokes  not  extending  to  the  rails.  The 
conduit  was  about  10  ins.  deep  and  5  ins.  wide,  and  rested  upon  the 
wooden  cross-ties  carrying  the  rails.  The  sheaves  were  in  pockets  be- 
tween the  ties.  Of  course,  a  special  grip  was  necessary,  the  Vogel 
grip  being  used  in  this  case. 

Another  shallow-conduit  system  has  iron  yokes,  shallow  in  the 
middle  where  the  iron  conduit  is  bolted  to  them,  and  higher  at  the 
ends  to  carry  the  track  rails.  The  conduit  is  oval,  about  12  ins.  deep 
and  10  ins.  wide,  and  the  sheaves  are  in  iron  pockets  between  the  yokes, 
and  requiring  no  deeper  excavation.  The  total  depth  from  surface  of 
paving  to  bottom  of  concrete  level  is  21  ins. ,  while  with  the  ordinary 
system  it  is  generally  about  36  ins.  and  48  ins.  at  wheel  pits.  Of 
course,  heavy  construction  is  admissible  for  city  lines  with  heavy 
traffic,  but  I  think  a  lighter  construction  might  be  adopted  in  many 
other  cases,  to  make  cable  traction  more  generally  applicable. 

D.  Bontecou,  M.  Am.  Soc.  C.  E. — It  was  the  design  of  the  paper  to 
discuss  only  the  cost  of  construction  and  operation,  and  to  emphasize 
the  fact  that  under  the  conditions  of  city  travel  and  street  regulations 
a  good  service  could  be  given  by  a  cable  road  at  very  small  cost  per 
car-mile.  In  this  respect  I  can  see  no  reason  why  the  results  should 
not  be  compared  with  those  reached  by  electric  or  horse  lines  else- 
where ;  and  I  regret  that  similar  statements  of  the  elements  of  cost  of 
operating  such  lines  were  not  brought  out  in  the  discussion. 

Mr.  Nichols'  statement  that  the  showing  is  not  a  good  one  for  cable 
roads  is  true  only  so  far  as  the  Kansas  City  line  referred  to  represents 
an  investment,  but  it  is  not  true  as  applied  to  the  .mechanical  results. 
If  the  distribution  of  operating  expenses  given  in  the  paper  is  ana- 
lyzed, and  it  is  remembered  that  these  cars  only  carried  1.9  passengers 
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per  car-mile,  it  will  be  sean  that  with  a  larger  business  the  receipts 
would  increase  very  mnch  more  rapidly  than  the  expenses. 

The  Kansas  City  line  conld  not  be  operated  with  horses  or  with 
electricity  as  cheaply  as  with  the  cables,  and  give  the  same  service  ; 
and  while  it  seems  to  be  a  case  where  the  travel  does  not  justify  the 
service,  it  must  be  remembered  that  when  the  lines  were  built  the 
population  of  the  city  had  increased  230,%'  in  tlie  previous  seven  years, 
and  that  it  then  fell  off  30,%"  in  the  following  three  years,  and  is  now 
again  increasing.  The  line  was  selected  for  the  purposes  of  the  paper, 
as  showing  one  extreme  of  the  range  of  application  of  the  cable,  and 
it  would  have  been  possible  to  cite  the  case  of  a  road  where  the  cost  of 
construction  and  that  of  operating  per  car-mile  are  about  the  same 
as  in  the  Kansas  City  case,  but  where  the  total  cost  of  operation  is  less 
than  40x°o  of  the  gross  receipts. 

The  cases  of  change  from  cable  to  electric  traction  do  not,  in  them- 
selves, prove  anything.  For  instance,  it  is  evident  that  the  Jersey 
City  road  referred  to  by  Mr.  Brush  could  not  afford  to  operate  two 
miles  of  line  with  two  methods  of  traction,  each  involving  a  special 
organization,  and  the  conditions  of  operating  this  mile  of  elevated  road 
differ  in  so  many  respects  from  those  affecting  a  railway  in  a  city  street 
as  to  length  of  line  propelled  from  one  power-house,  number  of  stops, 
size  of  cars,  etc.,  that  any  comparison  would  be  uninstructive. 

The  question  as  to  the  use  of  a  shallow  conduit  raised  by  Mr.  Trat- 
nian  is  very  pertinent  to  a  consideration,  both  of  first  cost  and  operat- 
ing expense.  There  are,  doubtless,  some  conditions  under  which  a 
construction  like  that  at  Butte  City  would  be  justifiable;  but  it  has 
always  seemed  to  me  objectionable  in  many  ways,  and  I  believe  the 
amount  that  can  be  saved  is  less  than  is  commonly  supposed,  or  than 
will  justify  the  sacrifice  of  operating  economy  and  convenience.  The 
items  of  cost  which  are  affected  are  not  a  large  proportion  of  the  whole, 
and  it  is  very  doubtful  if  they  can  be  reduced,  all  other  things  being 
equal,  more  than  $15  000  per  mile  of  double  track,  which  certainly 
does  not  compensate  for  the  increased  cost  of  cleaning  the  conduits, 
maintaining  pulley-pits,  drainage,  and  adding  largely  to  loss  of  business 
and  delay  in  case  of  a  stranded  rope. 

The  Kansas  City  line,  Avith  a  38-in.  tube  and  14-in.  pulleys,  has  no 
depressed  carrier-pulley  pits,  and  the  company  probably  saves  more 
than  the  interest  on  $15  000  in  not  having  to  maintain  some  330  pulley- 
pit  drains  and  keep  them  free  from  tir. 
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